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CORRIGENDUM. 


Vol. 49, p. 884, lines 29-30: «delete “of telephone working." 


The Institution is not, as a body, responsible for the opinions expressed by Individual 
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Proceedings of the Five Hundred and Forty-third 
Ordinary Meeting of the Institution of Electrical 
Engineers, held on Thursday, 14th November, 
1912—Dr. S. Z. DE FERRANTI, Past-President, 
and Мг. W. DuppeLL, F.R.S., President, suc- 
cessively in the chair. 


The Minutes of the Annual General Meeting, held on 16th May, 
1912, were taken as read, and confirmed. 


The following list of transfers was presented as having been 
approved by the Council :— 


TRANSFERS. 


From the class of Associate Members to that of Members :— 


Albert Arthur Blackburn. William Noble. 
Frederick Thomas Hall. Henry Villiers Pegg. 
Laurence Joseph Kettle. Thomas Fortune Purves. 


Sidney Arthur Simon, B.A. 


From the class of Associates to that of Members :— 
Gordon Layton. | Arthur Edward Loos. 
Anthony Clark McWhirter. 
From the class of Associates to that of Associate Members :— 


Captain Basil Condon | Francis John Chapple. 
Battye, R.E. Wilford Henry Taylor. 
Vor. 50. 1 


* 


04.57.777. 7 TRANSFERS. DONATIONS. [14th Nov., 


From the class of Students to that of Associate Members — 


Charles Gordon Barker. Cecil Hugh Hayward. 
Francis William Bissett. Charles Wells Hirst. 
Thomas Alfred Brown. Walter Daniel C. Juritz. 
William Richard Brown. Norman Mitchell. 
William Anthony A.Burgess. Ernest Vincent Pannell. 
John Lowry H. Cooper. Henry Edward Parry. 
Edric Collingwood Creagh. Charles Joseph Polden. 
Richard Hill A. Deane. James Francis Riley. 
Richard Francies. Sidney Simpson. 
George Yalden Fraser. John Bertram Sparks. 


From the class of Students to that of Associates :— 
Arthur Liddiard Annison. 


The list of candidates for election and transfer approved by the 
Council for ballot was taken as read, and it was ordered that it should 
be suspended in the Hall. 

Donations to the Library were announced as having been received 
since the last meeting from The American Socicty of Mechanical 
Engineers, G. E. Bairsto, W. H. Booth, J. H. Bowden, C. Bright, 
F.R.S.E., H. H. Broughton, The Canadian Department of Mines, E. C. 
Clement, Professor W. C. Clinton, Congresso Internazionale delle 
Applicazione Elettriche, Dansk Elektroteknisk Forening, Baron A. 
Danvers, W. Dubilier, The Electrician Printing and Publishing Com- 
pany, Ltd., The Engineering Standards Committee, The Faraday 
Society, B. Gáti, Gauthier-Villars, J. M. Gledhill, J. Grosselin, Professor 
A. Hay, A. Hermann et Fils, E. G. Hillier, T. Hirobe, The International 
Electrotechnical Commission, Dr. G. Kapp, Professor A. E. Kennelly, 
Laboratoire Centrale d' Électricité, Professor C. G. Lamb, Liverpool 
University, Macmillan & Co., Ltd., H. Matsumoto, W. P. Maycock, The 
Metallic Composition Co., R. E. Neale, The Hon. Sir C. A. Parsons, 
K.C.B., H.M. Patent Office, The Royal Society, J. Rymer-Jones, W. O. 
Schumann, Schweizerische Elektrotechnische Verein, Siemens Brothers 
& Co., Ltd., Sveriges Allmánna Exportfórening, A. A. C. Swinton, F. 
Tait, The Underfeed Stoker Company, Ltd., The United States Bureau 
of Standards, University College (London), Verein deutscher Ingeniere, 
W. J. White, Dr. H. Wilde, and Professor E. Wilson; to the Museum 
from R. Hammond and K. Hedges; to the Building Fund from W. A. 
Del Mar, F. H. Nicholson, A. von Siemens, N. Tesla, and A. H. 
Unwin ; and to the Benevolent Fund from S. Evershed, The Electrical 
Engineers’ Ball Committee, The Foster Engineering Company, Ltd., 
J. G. Lorrain, F. H. Nicholson, F. C. Raphael, C. P. Sparks, W. C. P. 
Tapper, The “Z” Electric Lamp Manufacturing Company, Ltd., and 
The “25 Club,” to whom the thanks of the meeting were duly accorded. 


The CHarRMaN (Dr. 5. Z. de Ferranti): I have very much plea- 
sure in announcing that Professor Silvanus Thompson has presented 
to the Institution a medallion of Dr. William Gilbert. 


1912.] VOTE OF THANKS TO RETIRING PRESIDENT. 3 


I now propose to read to you the names of the members of the 
Industrial Committee which has been appointed by the Council :— 


INDUSTRIAL COMMITTEE. 


W. Duddell, F.R.S. (President), 
H. Hirst (Chairman of the Committee), 


A. B. Anderson, | S. Morse, 

G. Balfour, | А. Н. Ргеесе, 

С. Н. Bowden, | Н. Faraday Proctor, 
D. N. Dunlop, W. Rutherford, 

S. Z. de Ferranti, A. H. Seabrook, 

E. Garcke, | A. Siemens, 

F. Gill, | Dane Sinclair, 
Godfrey Isaacs, C. P. Sparks, 

H. C. Levis, A. H. Stanley, 

C. H. Merz, | A. de Turckheim, 
R. K. Morcom, F. J. Walker, 

W. M. Morrison, | Н. E. Wimperis, M.A. 


The Chairman then presented the premiums and scholarships 
referred to in the Annual Report * for the year 1911-12. 

The CHAIRMAN: I now come іп a sense with very great regret to 
the last act that I have to perform as President of this Institution. 
The Presidency has involved a great deal of work and a great deal of 
time, and I feel that to cease to be President is a great relief, and in 
my case an absolutely necessary relief. And yet I vacate the position 
of President with the greatest possible regret, because I have found 
the work so interesting and altogether delightful. My regret, how- 
ever, is almost entirely nullified and turned into a pleasure when I 
remember whom I have to introduce to you as the new President. 
Everybody knows Mr. Duddell as a most distinguished scientist ; but 
few know what a wonderful worker he has been in the interests of the 
Institution. The last thing that I say to you in my capacity of President 
is to express the opinion, if I may be allowed to do so without imper- 
tinence, that I have no doubt whatever he will be a most complete and 
unqualified success in his conduct of the Institution’s business and 
affairs. I introduce Mr. Duddell to you as your President. 

The chair was then vacated by Dr. Ferranti, and taken, amid very 
hearty cheering, by the new President, Mr. W. Duddell, F.R.S. 

Mr. ALEXANDER SIEMENS: As the oldest past-president here, it is 
my very pleasant duty to give expression to the thanks of the Institu- 
tion to our past-president, Dr. Ferranti. I think I can claim that I have 
known Dr. Ferranti as an electrical engineer a great deal longer than 
anybody else ; because in the dark ages—I mean in 1879—the Electrical 
Engineer of the British Museum came to me and said, * I have a young 
man named Ferranti ; will you take him as your pupil?" I said, 

* Fournal of the Institution of Electrical Engineers, vol. 49, p. 659, 1912. 
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“Well, we will try him!” He came to us at Woolwich entirely as 
a learner, if I may say so, but he very soon managed to get into 
the good graces of Sir William Siemens and helped him in his 
research work, more particularly, I think, at the Fisheries Exhibition in 
showing the electric furnace which Sir William Siemens at that time 
tried to develop. I will not weary you with all I could tell you about 
Dr. Ferranti; his last words to you to-night indicate what a great 
influence he has had during his Presidential career. We certainly 
shall feel the influence of his Presidency for a long time to come. I 
have much pleasure in moving : “ That.the best thanks of the members 
of the Institution of Electrical Engineers be given to Dr. S. Z. de 
Ferranti for the very able manner in which he has filled the office 
of President during the past twenty-four months." 

Dr. SiLvaNus P. THOMPSON : I have the honour of seconding the 
motion which Mr. Alexander Siemens has put before the meeting. 
Once a year the past-presidents have an opportunity of returning 
to their scenes of activity, and of moving and seconding votes of 
thanks to the retiring president. Never on any previous occasion— 
and I have been present at a good many—has the vote of thanks been 
proposed and seconded with better goodwill than that with which it is 
proposed and seconded to-night. We have had an unusual term of 
office in Dr. Ferranti's Presidency, and I venture to say that the 
obvious prosperity that at the present moment is almost overwhelming 
the officials of the Institution is very largely due to his activities during 
the two years of his office. The Institution for several years to come 
will owe a very great debt of gratitude to its retiring president ; and 
as he now takes his place among us, the extinct volcanoes, you will 
have the opportunity of hearing him from time to time proposing or 
seconding votes of thanks to the future retiring presidents of this ever- 
enlarging Institution. I beg to second the motion. 

The PRESIDENT: I thinkI need not put the motion to the meeting 
after the very cordial and hearty way in which you have responded to 
it by acclamation. Dr. Ferranti has been our excellent president for 
the last two years, and I am sure we are all very sorry indeed that we 
are losing him as our figure-head. 

The motion was then carried by acclamation. 

Dr. S. Z. DE FERRANTI : I thank you very much indeed for your 
kind expression of thanks. 

The PRESIDENT then delivered the following Inaugural Address : 
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INAUGURAL ADDRESS. 


By WILLIAM DUDDELL, F.R.S, President. 
(Address delivered 14th November, 1912.) 


GENTLEMEN, —In the first place, I wish to express my thanks to you 
for the great honour you have done me in electing me to be your 
President for the coming year. Year by year, owing to the growth 
of the Institution both in numbers and in prestige, the position of 
your President is becoming a more important one, and I think I may 
say that the responsibilities of the office were never greater than they 
are at the present moment. The Institution is installed in its new 
home. It hasrevised its Articles of Association, and it is now prepared, 
having got these matters out of the way, to undertake its proper func- 
tions with regard to the electrical industry. There is a wide field 
of work to be undertaken, on the one hand in encouraging the publica- 
tion of scientific technical knowledge, and on the other in looking after 
the interests of the electrical industry. 

The fourth ten-year index to our Journal, which has just appeared, 
reminds one that the Society is in the fortieth year of its life and work. 
For the Society of Telegraph Engineers held its first meeting in 
February, 1872, though the actual inception of the Society may be 
looked upon as having taken place at the preliminary meeting of 
Council held in May, 1871, when the first 73 members were elected. 

In passing, I may mention that the Institution does not appear 
to possess a copy of the first list of its members, although the original 
proposal forms are still preserved. 

It may not be known to many members that the Institution was not 
the first electrical society. As far back as 1837 there existed a society 
which, judging from its proceedings, was a very active one, called the 
London Electrical Society. It did good solid work, but in the light 
of our present knowledge the titles of some of the papers appear rather 
curious, such as “ Оп the Use of Black Paint in averting the Effects of 
Lightning on Ships." I wonder how many of the present papers will 
appear equally curious in seventy years' time. 

The Institution, through the generosity of the late Sir Francis 
Ronalds, possesses in the Library the original documents dealing with 
this Society, and the actual manuscripts of many of the papers read 
before it. 

LIBRARY. 

This brings me to a subject which I have very much at heart, 

namely, the Library of the Institution. I think that a large number 
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of the members do not realise what a wonderful library is at their 
disposal. By the gift of Sir Francis Ronalds, the Institution has vested 
in it the use of what was, in that day, the most perfect collection of 
works dealing with electrical matters. 

For a time the Institution added books and papers as they appeared, 
then owing to lack of space and to the small use members appeared 
to have made of the library the number of accessions decreased. 
Eight years ago, when it became evident that the finances of the 
Institution would shortly allow us to have a building of our own in 
which a proper library could be fitted up, the Institution started to 
bring the library up to date, a work which is now nearing completion. 

The combination of the older works which were collected by the 
late Sir Francis Ronalds, and modern works which the Institution has 
obtained either by gift or purchase, forms a library which I can safely 
say outrivals any other library of electrical literature, certainly in this 
country, and possibly in the world. It contains many original docu- 
ments unobtainable elsewhere, especially in connection with the early 
days of the telegraph, both land and submarine, as well as most of the 
early rare books on magnetism and electricity. The classified section 
of modern technical books is very complete. Nearly all electrical 
works of importance are being added to it as they appear either by 
gift or purchase, and I look forward to the time when the few works 
which are still missing will be safely placed on our shelves, so that we 
shall possess, without possibility of doubt, the finest electrical library in 
the world. I also hope that at a not distant date we may acquire 
a sufficient duplication of modern works to enable the Institution to lend 
them to those members who cannot conveniently visit the library. 


MUSEUM. 


Another subject which I wish to invite the members to support 
is the Institution Museum. We as engineers are rather inclined 
to live in the present and the immediate future, sometimes looking 
forward to more distant times. Looking back along the lines of pro- 
gress has also its use, and nothing brings to one's mind more clearly 
the steady development of manv of our electrical machines than 
to look at the actual machines that were previously in use. We are 
luckily in possession of some of the early machines that form stepping- 
stones in the development of modern electrical generators, though our 
set of machines is far from complete. We possess a wonderful col- 
lection illustrating the development of the modern telephone and 
telegraph, and quite good collections of early meters and lamps. One 
of the great difficulties in making a museum is that when things аге in 
common use every one thinks that they are of no importance to a 
museum, and directly they go out of common use and begin to become 
historically interesting, one finds that all the examples have been 
destroyed and that they are no longer obtainable. This has unfor- 
tunately been the case with a large amount of electrical machinery 
which, owing to its size and the value of the materials, has been broken 
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up and destroyed. I should like, therefore, personally to appeal to the 
members of the Institution to present to the museum examples of 
present-day apparatus as they become obsolete, so that they may be 
preserved for future generations rather than that they should be melted 
down as scrap. 


Presidential addresses generally follow along two main lines: one is 
а review of the position of the industry which the Society represents, 
or some special branch of it ; and the other is a review of the progress 
of the Society itself. With regard to the progress of the Institution, 
latterly so much has been said and written, and my predecessor in office 
has so fully explained to you our aims, that I think I cannot do better 
than endorse his views without adding anything. 

We have had many able reviews of the position of the electrical 
industry from our Presidents, and we have had put before us by Dr. 
Ferranti a vision of a time when the price of electricity will be very 
low and when everything will be operated electrically. I want to take 
this opportunity of voicing a warning against this Institution becoming 
narrow in its ideas, and limiting itself too much to one branch of the 
electrical industry. 

The Institution of Electrical Engineers should, according to my 
view, embrace in its discussions and papers all matters dealing with 
electricity. If an engineer is properly defined as one who directs the 
great sources of power in Nature for the use and convenience of man- 
kind, the term electrical engineer should include any one who applies 
electricity in any way so that it may ultimately be of benefit to the 
human race. 

I think I have noticed a tendency of late years to limit more and 
more to one class of subject the papers read before the Institution. It 
is difficult to find a satisfactory word which expresses just the class I 
mean, but you will understand when I say that the tendency is to bring 
before the Institution papers mainly dealing with generation, distribu- 
tion, and the cost of electrical energy, and in many cases only dealing 
with these as large general questions. 

Of the 6,600 members the proportion must be very small who have 
the actual scheming or designing of large things. The great bulk of 
the profession must naturally be occupied in working in their own 
groove in life. These members have very little chance at the present 
time of discussing their own special subjects; the reason for this is, I 
think, that members are more and more beginning to think that the 
Institution will not consider detail subjects. This is a totally erroneous 
idea. Details—small things—are very often of the greatest importance. 
In many cases the success of a big scheme or a big plant mainly 
depends upon the attention that has been bestowed on its detail. The 
importance of this matter was emphasised, with many practical 
examples, by Mr. J. H. Rider in his address to the students in 1910. 
I trust that during the coming session members will bring forward for 
discussion many subjects which might be looked upon under the old 
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ideas as not being of sufficient importance to discuss at a general 
meeting of the Institution, but which can be discussed with advantage 
at the informal meetings that it is proposed to hold. 

The tendency to restrict the subjects brought before the Institution 
is not good for the profession or for the Institution. To attain that 
much-desired and talked-of progress in the application of electricity, 
and with it the advancement of the industry, it is necessary for all 
engineers to take as wide a view as possible of everything that concerns 
their profession. 

I am far from advocating that an engineer needs to try to know 
everything about all the many branches of his profession ; the man 
who thinks he knows everything is usually useless, and generally 
knows very little. What I advocate is that an engineer should take a 
broad view of his work, and not live in a water-tight compartment 
bounded by the limits of his own special subject. He will find that 
the broader outlook not only gives him a more balanced view of the 
importance of the various aspects of his work, a keener interest in his 
profession, but also brings, at times, pecuniary advantages. But I am 
digressing from the real point, namely, that the Institution should set 
a good example by encouraging the dissemination of knowledge on as 
wide a range of subjects as possible. 

There are applications of electricity that give work to many men, 
applications which employ much plant and apparatus, and on which 
large sums of money are spent, about which we have heard very little 
or nothing in the Institution. Again, we hear little, if anything, about 
what is occurring on what I may term the borderland between elec- 
tricity and the other sciences. In this borderland or fringe a large: 
number of scientific workers are quietly at work, and what is to-day 
a laboratory experiment may to-morrow form the basis of a large 
industry. Finally, we should have an opportunity of discussing the 
many details in the design and operation of electrical plant and appa- 
ratus to which I have already referred, the importance of which cannot 
be over-estimated. | 

Let us take a few examples to show what I mean. 


TELEGRAPHY AND TELEPHONY. 


Probably from the point of view of the amount of money invested 
and number of men employed, the original work of this Institution 
occupies the first rank, I refer to telegraph engineering. It is curious, 
considering the importance of the subject, how few papers dealing with 
telegraphy have been read before us. In fact, excluding Sir John 
Gavey's very able review in his Presidential Address,* we have had, 
during the last ten years, only twelve papers dealing with this subject, 
in a total of 400 papers and addresses published in the Journal. 

I do not think that this can be said to be due to the fact that there 
is nothing new to describe. A great deal of work has been going on 
in telegraphy and telephony, and a steady and real progress has been 

* Sournal of the Institution of Electrical Engineers, vol. 36, p. 4, 1906. 
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made. The great underground trunk lines for the telegraphs have 
come into existence, and new problems have arisen in connection with 
high speed working through these cables. Machine telegraphs have 
been developed, and are being largely tested by the Post Office. The 
central battery system, so well known in connection with telephone 
exchanges, has been applied to the telegraph, and the Post Office has 
installed a large power station on the south side of the river. 

Telephone exchanges have increased in size and number, and many 
ingenious devices have been applied to render the working more and 
more automatic and less dependent on the human element. This has 
led up to the latest development of the automatic exchange, in which 
the whole of the operations are carried out by machines. The distance 
over which telephone communication has been accomplished steadily 
increases, and Major O'Meara spoke hopefully in his paper of the pos- 
sibility of telephoning to Astrakhan. In fact it seems possible that 
telephony may reach to places now only connected by submarine cables. 

A “telephonic current” is an expression often thought to be a 
synonym for a small current, but the currents used in the large central 
battery exchanges are far from small, and may reach many hundreds 
of amperes. The generation and handling of these large currents so 
that no sound from the commutator segments is audible to the sub- 
scriber nor any cross-talk takes place through the battery has required 
very careful consideration. 

The expense of the lines both for telephones and telegraphs has led 
to the development of many ingenious systems of superimposing 
different messages on the wires grouped together in various ways. 

It is difficult to obtain figures of the amount of money invested in 
the telegraphs and telephones of this country, but if we take the 
original sum of money paid by the State when it purchased the tele- 
graphs, and the amount of money spent on its extension, together with 
the money spent by the Post Office and the National Telephone 
Company for the telephones, the sum is probably well over £100,000,000 
and the number of employees probably exceeds 100,000, though it is 
difficult to state any figure because many employees carry out both 
postal and telegraph duties. 

Electric signalling on railways may be looked upon as a form of 
telegraphy in which most striking advances have been made in the last 
few years. 

I cannot leave the subject of telegraphy without mentioning the 
Progress that is being made in the art of wireless telegraphy. I need 
not recall to your minds the great interest that was awakened when in 
1899 Signor Marconi read his paper on wireless telegraphy before this 
Institution. 

Since that date we have had a number of papers dealing with 
different parts of the apparatus, but we have not had a general review 
of the subject. The principles are well known. At the transmitting 
end we require to produce in the aerial conductor high-frequency 
currents of considerable power and of one definite frequency, and to 
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radiate the energy. At the receiver we wish to absorb the radiant 
energy and to convert the high-frequency current in the aerial into 
audible or visible signals. 

The exact mechanism of the means of transmission between the 
two aerials is at the present moment under discussion, and opinions 
differ as to how far waves through the air, waves through the earth, 
and waves on the surface of the earth take part in the transmission. 
The matter has been very ably expounded in a paper by Professor 
Fleming, which was discussed at the last meeting of the British 
Association.* "The general conclusion seems to be that Hertzian waves 
propagated through the atmosphere are sufficient to explain trans- 
mission over short distances, but when we come to consider the 
observed bending of the radiation around the curvature of the earth 
it is necessary to take into account the fact that the earth is far from 
being a perfect conductor, that the upper layers of the atmosphere are 
far from being insulating, and also the effect of sunlight on the con- 
ductivity of these upper layers. It must be remembered that the waves 
are being regularly transmitted round one-eighth of the earth's surface, 
and that Mr. Marconi has received signals over 6000 miles—that 
is, round one earth quadrant. 

There seems no doubt that long waves are more suitable for long- 
distance transmission, but the question is far from settled as to what is 
the best wave-length for long-distance work, or even whether there is 
such a thing as a best wave-length for any given distance. It may 
well be that the wave-length will have to be chosen to suit each 
individual pair of stations. 

What is a suitable wave-length, or in other words what is a suitable 
frequency to use in the antenna? This most fundamental question is, 
I believe, as yet unanswered. If we knew the most suitable frequency 
for transmission, what then is the most suitable design of antenna, 
radiator? Again, how are we to generate the current? Can we 
generate it in a dynamo, or must we use some form of spark or arc? 

Naturally the above questions are mutually dependent, that is to 
say, the frequency to be used depends upon the design of the antenna, 
and the design of the plant also depends upon the frequency, and all 
three naturally depend on how much money one can afford to spend 
on the different parts. 

The engineering problems which confront us at the transmitting 
end are the design and support of the aerial conductor, the machinery 
to produce in it high-frequency currents of one definite frequency and 
of considerable power, and the mechanism for cutting up the high- 
frequency currents to form the dots and dashes of the Morse code. 
The changes that have taken place in the design of the aerial have been 
mainly in two directions, the one to make it more suitable for the 
longer wave-lengths now in use, and the other to give the aerial such a 
shape that the radiation may be much stronger in one direction than 
in any other. The first desideratum is obtained by extending the 

* Electrician, vol. 69, p. 934, 1912. 
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height of the aerial апа by increasing the capacity of the condenser 
formed by the upper part and the earth. The Eiffel Tower aerial, 
which consists of an inverted fan of six wires 300 metres high, and the 
Nauen aerial (destroyed by a gale this year) in the form of an umbrella 
and 200 metres high, are examples. | 

Of the directive aerials the Marconi type, consisting of a com- 
paratively short vertical part and a much longer horizontal part, is the 
only one that has come into use for long distances. As an example, 
the aerials proposed for the Imperial Wireless Scheme are to be 
300 feet high and apparently some two or three thousand feet long, 
supported by ten steel masts. The design of an inexpensive form of 
mast to carry the aerial is a difficult engineering problem. 

The forms favoured at the moment are sectional tubes and lattice- 
girder constructions supported by stays. 

The type of generating plant depends upon the system employed, 
and here it is necessary to distinguish between the two forms which 
the high-frequency currents in the aerial may take. 

In the first form the amplitude of the high-frequency current in the 
acrial starts from zero, rises rapidly to a maximum value, and then dies 
away again. In the second form the current is of constant amplitude 
exactly similar to that produced by an alternator. Considering the 
first and older form the oscillations are produced by the sudden dis- 
charge of a condenser through a small self-induction. If the condenser 
be charged by means of an alternator, in general one discharge will be 
obtained across the spark-gap with the corresponding train of oscil- 
lations during each half-period, thus the number of trains of oscillation 
per second is equal to twice * the alternator frequency. 

If we have a given amount of energy to transform per second, the 
higher the spark frequency the less the energy to be dealt with at each 
spark. Further, for a given size of condenser, the less the energy the 
less the voltage to which it will have to be charged. Hence, there are 
certain advantages in the high spark frequency and a further advantage 
will appear when we consider the receiver. 

The spark frequency has gradually increased from то to 20 per 
second with the induction coil to 100-200 per second, corresponding 
to commercial alternating-supply currents, up to r,000-1,200 obtained 
from special designs of alternators. 

A metbod much in use for obtaining a high spark frequency from 
an ordinary, say 50-frequency supply is to employ a rotating spark-gap 
or discharger. The apparatus consists essentially of a number of 
revolving electrodes, which in turn come between the fixed electrodes 
of the spark-gap and cause discharges to take place by shortening the 
sparking distance. The number and speed of the revolving electrodes 
is so chosen as to give the required spark frequency. If such a dis- 
charger is used in connection with a continuous current, as is done 
at Clifden, one discharge is obtained each time the electrode or stud 

* This number can be varied by suitable adjustment, and several sparks may be 


obtained per half-period, or conversely a number of half-periods may elapse between 
the successive sparks. 
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passes between the fixed electrodes of the gap. In the case, however, 
of an alternating-current supply the matter is a little more complicated 
because the potential of the condenser varies according to the different 
parts of the wave-form at which the discharger causes the spark to 
take place. 

One great advantage of the revolving type of discharger over the 
older fixed gap is that the windage on the electrodes keeps them cool 
and blows away the conducting gases formed at each discharge, so that 
the gap rapidly passes from the conducting into the insulating con- 
dition. This is a matter of great importance, for if the gap did not 
rapidly recover its insulating properties an arc would be formed which 
would prevent the condenser being fully charged again. A number 
of methods of cooling the electrodes and gases of the spark-gap have 
been devised. One, which is being largely used by the Telefunken 
Company, consists of making the spark-gap of a number of flat metal 
discs, separated by extremely small air-spaces of the order of a tenth 
of a millimetre, so that the cooling action of the discs on the gases 
between them is very great. This cooling action causes a rapid 
extinction of the discharge called “quenching.” Quenching is of 
great value in reducing the reaction between the oscillations in the 
aerial and those in the condenser circuit, thus enabling tighter coupling 
to be used and a pure radiation to be obtained. This system, due to 
Professor Wien, is spoken of as the Wien or shock excitation system. 

A number of ingenious methods have been proposed in which 
advantage is taken of the fact that a condenser takes a certain time 
to charge through a resistance to a given voltage. 

If a high-voltage continuous-current supply is available, and a 
condenser be connected to it through a resistance, the condenser will 
charge to any voltage less than the supply voltage in a definite time 
depending on the value of the resistance. If the condenser be also 
connected through a self-induction to a discharger in the ordinary way, 
then discharges can be obtained at regular intervals, depending upon 
the time the condenser takes to charge. It is quite easy to vary this 
time over a very wide range, say, from one discharge per second to 
100,000 per second, provided the spark-gap becomes insulating suff- 
ciently quickly after cach discharge. Mr. Galletti has coupled together 
a number of circuits on the above principle to enable large powers to 
be dealt with, and he informs me that he is now erecting near Lyons, 
in France, a transmitting station ona large scale. The results of the 
tests of this station will be extremely interesting. 

Turning next to the continuous oscillations, the arc method has 
been longest in the field. The principle is well known to you, as it 
was described before this Institution in 19oo. It consists in shunting 
an unstable arc with a self-induction in series with a condenser when, 
if the conditions are suitably adjusted, high-frequency oscillations take 
place in the condenser circuit of practically constant amplitude. Since 
then Poulsen and his colleagues have founded a practical system on 
this principle, and considerable progress has been made, although the 
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system has, not come into commercial use in this country. The 
engineering difficulties of the system appear to consist in maintaining 
the arcs, by means of which large powers are being transformed, so 
perfectly regulated that the output of high-frequency current is constant 
both in strength and in wave-length. 

High speeds, over 100 words per minute, have been attained in tests 
of this system between Copenhagen and Cullercoats in England. Iam 
informed that a number of commercial stations have been recently 
opened on the west coast of the United States, and that good com- 
munication is now being obtained by night between San Francisco and 
Honolulu, a distance of 2360 miles, with only 25 kw. The stations 
have masts rather over 400 ft. high, and they are now being equipped 
with arcs to transform much larger powers. 

Another development of great engineering interest is the construc- 
tion of alternators of sufficiently high frequency for direct connection 
to the aerial. In this case the wireless station becomes very much like 
an ordinary generating station, only that, instead of producing alternat- 
ing current at 50 frequency, alternating current of, say, 50,000 frequency 
is generated and is supplied straight to the aerial. This, of course, does 
away with all questions of sparks and arcs, and I must say that, from 
an engineer's point of view, is a very attractive solution. Alternator 
designers will, however, readily appreciate the difficulties in designing 
alternators for these frequencies. In order to get space for the poles 
the peripheral speed of the rotor must be made as high as possible and 
the details of the mechanical design must be first class. In spite of the 
difhculties a number of machines have been made by the General 
Electric Company of America, which will produce 1 kw. at a 100,000 
frequency. They are of the inductor type, and details of their design 
have recently been published by Mr. Alexanderson. Another most 
ingenious alternator is that designed by Dr. Goldschmidt, in which 
advantage is taken of the reaction of the stator current on the rotor 
and the rotor current on the stator to step up the frequency of the 
machine. By this method Dr. Goldschmidt has reached frequencies 
of 50,000 with several kilowatts output, and he is now engaged in 
building some very much larger machines to give over 100 kw. each. 

The present position is that we have in the field three systems 
actually at work—the loosely coupled spark system, the shock excitation 
system, and the arc system. Within a very short time we shall, no 
doubt, have high-frequency alternators at work, and it is probable that 
at least one other system will be under practical test. 

Whatever system is employed it is necessary to install some form of 
prime mover, the type chosen depending upon the local conditions 
and the amount of power required, which may be anything between 
the 4 kw. for a small ship station and the 2,000 h.p. proposed for 
the imperial wireless stations. In the case of the larger powers the 
problem is similar to the design of a generating station for a small 
town, and presents the same necessity for good work and ample 
duplication to prevent the possibility of an interruption of the supply. 


14 DUDDELL: INAUGURAL ADDRESS. [14th Nov., 


The engineering difficulties which confront us in keying are really 
questions of switching on and off considerable powers a great inany 
times per second with perfect certainty and definiteness in the con- 
tacts. In the early stations for a kilowatt or so the ordinary Morse key 
connected in the primary circuit of the transformer sufficed ; but as the 
power got larger different types of relays were introduced. Some of 
these relays operated by interrupting the primary current, some the 
secondary current of the step-up transformer. In continuous wave 
systems on the arc method keying is sometimes carried out by altering 
the frequency, by switching in and out self-induction or capacity in one 
of the circuits. This has the advantage that the whole power is not 
interrupted, and it also keeps the load on the arc generator more 
constant, which tends to improve its steadiness. With alternators it 
is obvious that keying can be done in the field circuit, but with these 
machines another difficulty arises. When the load is thrown on and 
off the alternator there is naturally a tendency for the speed to fall and 
rise. If the speed varies the frequency and hence the wave-length 
of the radiation alters, this interferes with the tuning. 

Turning to the receiver the changes that have been made are not 
so striking. The coherer has become practically obsolete. The mag- 
netic detector, which replaced the coherer about ten years ago, still 
holds its own, although it is not very sensitive. Its reliability in action 
and the fact that it is almost fool-proof are for many purposes convincing 
arguments in its favour. 

The electrolytic detector has been but little used in this country. 
The Fleming valve and the crystal detector have come into consider- 
. able use. They are both highly sensitive and depend upon the curious 
properties, in the one case of the residual gas of the electric lamp bulb, 
and in the other case of the contact between two minerals. The 
property which makes them useful as detectors is in each case their 
unilateral conductivity. The high-frequency currents induced in the 
receiving aerial by the incoming waves are not generally sufficiently 
strong to affect any of our ordinary alternating-current measuring 
instruments, If, however, they can be rectified and converted into 
continuous currents, then it is easy to detect them, for it is common 
` knowledge that the direct-current measuring instruments are in 
general hundreds, if not thousands, of times more sensitive than 
alternating-current ones. 

Corresponding to each spark at the transmitter a train of oscilla- 
tions is received, and these trains of oscillations are rectified by the 
detector, and in general are passed through a telephone as an indicator. 
At each spark a click is heard in the telephone, so that with 600 sparks 
a second the diaphragm is attracted 600 times, producing a somewhat 
musical note. 

Herein lies one of the great advantages of high-spark frequency. 
There seems no doubt that the combination of the human ear and 
a telephone is much more sensitive for high-frequency notes than for 
low ones. In some tests I have made, using an alternating current to 
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determine the minimum power required to produce an audible signal 
in a telephone receiver at different frequencies, I found in one case 
that the power was reduced from 430 micro-microwatts at 300 fre- 
quency to 7°7 micro-microwatts at goo frequency. At higher frequencies 
it increased again. 

Due to atmospheric causes, there are generally audible in the tele- 
phone receiver clicks and noises cominonly spoken of as atmospherics 
or strays. With high-spark frequencies the human ear easily dis- 
tinguishes the musical note from these atmospherics ; this enables the 
operators to read through a large amount of extraneous interference. 
The elimination or compensation of these atmospherics is one of the 
most important outstanding problems in wireless telegraphy. . 

When operating with continuous waves practically no note is heard 
in the receiver telephone unless the currents are chopped up into 
rapidly recurring groups of waves either at the transmitter (tone 
sender) or at the receiving end (ticker). 

In order to make a permanent record of the signals, and to allow of 
high-speed working, the rectified current from the detector may be 
passed through a galvanometer or a relay, and here we come to one of 
the difficult problems which requires solution, namely, the construction 
of a relay or recording instrument which will make a record of the 
very small received currents at high speeds. The Einthoven or string 
galvanometer, which is at present used for this purpose, is delicate and 
gives a photographic record. 

Although the difficulties may be minimized, I do not feel at this 
moment that the photographic method of recording, with the attendant 
chemicals, and the necessity of handling moist slip, can be looked 
upon as the final solution from the point of view of commercial 
telegraphy. The problem of constructing a relay for this purpose 
is a very difficult one. The mean current strength of the signals, after 
rectification by a high-resistance detector, is of the order of ү; to тіу 
of a microampere, and the amount of power available to work the 
instrument is only of the order of a few micro-microwatts. For high- 
speed reception the number of contacts to be made and broken per 
second may be anything up to 5o. The problem before our instrument- 
makers is to construct a relay or recorder which will operate with a 
power not exceeding a few micro-microwatts at the rate of 50 signals 
per second. 

Recent experiments by Kiebitz have drawn attention to the fact that 
quite good reception of the long waves from distant stations can be 
obtained without high aerials. A single wire supported on insulators 
near the ground, or even resting on it, gives quite good results. 
Whether similar antennz can be efficiently employed for transmission 
is a matter for further experiment. 

I have for some time felt that it would be of very great interest if 
some authority like the Post Office, which has available many miles of 
overhead wires, would make some experiments at comparatively low 
frequencies. We know that Mr. Marconi, in his transatlantic work, is 
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working with frequencies as low as 50,000; high from the station 
engineer's point of view, but low from the wireless point of view. 
Now an alternator for ten or fifteen thousand frequency is not at all 
impracticable. Supposing an ordinary telegraph land line on fairly* 
high poles four or five miles long was used as an antenna, and fed from 
a 10,000-frequency alternator, how would it behave as a wireless 
transmitter? There are reasons which make one think it might be 
satisfactory. 

The radiation in wireless telegraphy is similar to light, therefore 
it is of interest to compare the human receiver of this radiation, namely, 
the eye, with the receiver of a wireless station. | 

According to some recent experiments by Messrs. Paterson and 
Dudding, a light of 7, of a candle at a distance of a kilometre is near 
the limit of visibility. Assuming the square law, this corresponds to 
a candle-power of 2,560 at 100 miles. With our present incandescent 
lamps this would require 24 kw. In wireless, to cover the same 
distance, it is usual to install what is nominally a 14 kw. station. 

Taking, however, Drysdale's figures for the rate of radiation of 
energy in the visible spectrum (about o'1 watt per candle-power), our 
source of light is radiating energy at the rate of about 250 watts. Very 
accurate figures for the rate of radiation for a wireless antenna are not 
available, but assuming our overall efficiency at 20 per cent, the radia- 
tion of the wireless antenna is 300 watts. It would seem, therefore, 
that there is a remarkable similarity between the sensibility of our 
eye to radiation of the short wave-length which constitutes light, and 
the sensibility of our wireless receiving apparatus for the long wave- 
length radiation used in telegraphy. 

According to Lord Rayleigh's experiments, if a tuning-fork is pro- 
ducing sound at the rate of 42 ergs per second it will just be audible 
at a distance of 30 yards. This corresponds to a source of sound giving 
out 0'0056 watt being audible at 1 km., or, assuming no absorption or 
bending of the sound waves, 143 watts at 100 miles. We therefore 
have the curious result that if it were possible to radiate energy at 
a given rate, either as sound-waves or as light-waves or as long 
Hertzian waves, we should be able to detect them at approximately 
the same distance by means of our ear or our eye or the receiving 
apparatus of a wireless station. 

Wireless time signals are regularly sent out each day from the 
Eiffel Tower and other stations for the use of the ships at sea. In 
view of the fact that wireless signals are received practically simul- 
taneously everywhere on the globe, they form in conjunction with 
transit observations a ready means for the determination of differences 
of longitude, to a high degree of accuracy. It is claimed that in recent 
tests, using the signals sent out by the Eiffel Tower, differences of time 
were determined to an accuracy of qs of a second, which corresponds 
to an uncertainty in position of only 5 yards at the Equator. The 
surveying of difficult country may be expected to be greatly facilitated 
by this new means of determining the difference of time. 
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Of the sister science, namely, wireless telephony, there is not so 
much to relate. A certain amount of progress has been made, but 
the details of the methods used have not been made public. The 
principle is simple. Given continuous oscillations or a spark frequency 
above the limits of audibility you may vary the antenna current, and 
hence the radiation by means of a microphone, in the same way as 
a continuous current is varied by the microphone in ordinary tele- 
phony. As the radiation varies according to the modulation of the 
current by the voice the received current will be varied in the same 
manner and the voice will be reproduced. The difficulties are mainly 
. in the transmitter. First, we require a perfectly steady source of 
continuous oscillations, and secondly, a microphone capable of modu- 
lating the large powers required to transmit any distance. Over short 
distances of a few miles there are no difficulties. It is only when we 
come to distances of 50 to 100 miles that the engineering problems 
become troublesome. In view of the progress that is being made in 
the high-frequency alternator, and of how much more easy it is to 
modify the power given out by an alternator, it will not be surprising 
if as soon as high-frequency alternators are in use wireless telephony 
over comparatively long distance becomes a working possibility. 


ELECTROCHEMISTRY AND ELECTROMETALLURGY. 


I hardly think it is necessary for me to say very much to convince 
you of the great importance of electrochemistry and electrometallurgy, 
a subject but rarely mentioned here. The amount of power installed 
for chemical and metallurgical purposes is very large indeed. Exact 
data are wanting, but it seems probable that the power employed in 
these processes in Norway and at Niagara may already reach 
1,000,000 kw. One of the necessities of our industry, namely, copper, 
is largely purified by electrical means. Aluminium, calcium carbide, . 
carborundum, sodium, and potassium are wholly prepared electrically. 
The only hydroelectric stations of any size that have been built in 
this country are used for electrochemical purposes. The production 
of aluminium alone at Loch Leven absorbs some 30,000 kw. 

The application of electric heating either in the arc furnace or in 
the induction furnace is making considerable progress in the smelting 
and refining of iron and in the manufacture of special steels and alloys, 
and it seems as if we are on the verge of extensive application of the 
electric furnace. | 

My predecessor in office, Dr. Ferranti, in his Presidential Address 
two years ago, pointed out that if very cheap electrical power were 
available all these industries might flourish in this country, and he out- 
lined a scheme for power production on such a large scale as to make 
very cheap power available. 

Although we have not yet attained Dr. Ferranti's ideal, the ever- 
increasing demands for electrical power for all purposes is causing the 
price per unit slowly but surely to decrease in a most satisfactory 
manner. 

VoL. 50. 2 
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The production of disinfectants electrolytically is being worked on 
a small scale. In Poplar the formation of a solution of chlorine of 
water by means of electrolysis is in practical use. Although one can- 
not anticipate very large powers being required for this purpose, yet if 
the demand for electrolytic disinfectants all over the country were the 
same as in Poplar, it would require about 2,000,000 units per annum, 
all of which could be supplied at such times as would help to level up 
the load curve. 


ELECTROMEDICAL APPARATUS. 


I know that I shall be touching on a somewhat delicate question 
if I refer to the medical properties of electricity. The terms “electric” 
and “magnetic” when applied to certain articles are often intended to 
mislead the public into thinking that they have a somewhat miraculous 
property. It is not unusual to find advertised as electric, ordinary 
articles of clothing which are alleged to cure almost every known 
disease. It is very unfortunate that this use of the terms should have 
grown up, because there are without doubt many diseases in which 
electricity can be applied beneficially, and, further, it leads the public 
to disbelieve in results which are attained by genuinely electrical means. 

eNow, as we are not a medical society, the nature of the diseases and 
their treatment do not come within our sphere, but as electrical 
engineers we should endeavour to supply the medical profession with 
the very best apparatus for their purpose. It seems to me that this 
would be facilitated if the two professions could be brought a 
little more closely into touch with one another. One difficulty 
which no doubt exists is the want of a common scientific 
language. The medical profession do not, I think, understand 
many of the terms used by electrical engineers, and I am quite 
certain that electrical engineers do not understand many of the 
medical electrical terms. For example, I wonder how many present 
know what a medical man means by Galvanic, Faradic, or Leduc 
currents, or by d'Arsonvalization. I have often wondered why so 
much of the apparatus used for medical purposes comes from abroad, 
and I feel confident that not only is the apparatus capable of being 
made in this country, but that a much better class of apparatus could 
be made here if only electrical engineers and the medical profession 
would co-operate. The present apparatus is extremely ingenious, but 
there is little doubt that much of it might be greatly improved in its 
electrical and mechanical design. The problem of devising suitable 
apparatus is quite an interesting one, for it must be remembered that 
owing to the want of standardization in voltage and system of supply 
in this country, it is necessary for the apparatus to be able to convert all 
these different supplies into each and all of the peculiar kinds of 
currents required by the medical man and not only convert them with 
certainty but also with safety to the patient. It may be said that 
apparatus of this kind is of no importance to the electrical engineering 
industry, but wben I mention that the value of the exports of electro- 
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medical and electrodental apparatus from Germany in the year 
1910 was returned at the sum of about £132,000, of which just under 
10 per cent was purchased by this country, you will see that it is not 
quite negligible. 

The question of X-rays, a subject which I think has never been 
mentioned before this Society, is a very important one from the point 
of view of diagnosis. In this connection I should like to point out that 
the design of induction coils for the production of X-rays has advanced 
a long way of late years, and that some of the latest pieces of apparatus | 
for the production of the discharge through the X-ray tube involve 
considerable ingenuity and engineering design. The discharge must 
be unidirectional and at a high pressure, say 50,000 volts or more. One 
method to obtain this is to step up by means of an e.h.t. transformer 
and to rectify the secondary current. Another method of working to 
obtain practically instantaneous photographs consists in switching the 
primary of the transformer straight on to the direct current mains, when 
the current rush instantly blows the fuses. This interruption of the 
current produces one powerful discharge on the secondary, which pass- 
ing through the X-ray tube suffices for the photograph. I do not know 
how the supply companies view this method of operation, because the 
rush of current must be pretty considerable, as the apparatus is not 
constructed on a particularly small scale. The transformer weighs 
about half a ton. 


HOUSEHOLD APPARATUS. 


I believe that we have had no papers dealing with the design and 
construction of apparatus for household use, such as fittings, heating and 
cooking apparatus. 

We have discussed frequently the great advantages that will be 
obtained by a more extended use of electricity for domestic purposes. 
To extend domestic uses it is most important that the apparatus should 
be really appropriate to its purpose. When we come to deal with 
fittings and other apparatus for use in our homes, we cannot wholly 
look upon the matter from the strictly engineering point of view. Many 
of our household articles are things with which we have been familiar 
since childhood. We have grown up with them, and we have become 
so used to them that we have a tendency to think that they are 
the only possible things to serve their purpose, so that when a pro- 
posal for a change comes it comes almost as a shock. We in this 
country bave grown used to the open fire, and the acceptance of the 
suggestion that any other form of heating is as good involves a 
complete change in our ideas. The substitution of gas for candles 
involved quite a considerable change in our methods of lighting, 
and although this change was started almost exactly one hundred 
years ago, it is not really complete yet, and there still lingers 
in the minds of many an affection for the older form of illuminants, 
namely, the candle and the oil-lamp. The great superiority of the 
electric light over all other forms of illumination has made the 
change from gas to electricity easier, but the designs of our electric 
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light fittings are still largely reminiscent of gas and candles. I think 
that from the artistic point of view there is no doubt that the early 
designs evolved for the candle were made at a period when artistic 
design was in the ascendant. "The results of the attempt to combine the 
modern form of illuminant with those early artistic designs is not always 
happy, either from the artistic or the practical point of view. Many 
of us must have experienced the difficulties that arise in some artistic 
fittings from the fact that no adequate provision has been made to 
. allow of the introduction of the wires which are still necessary to con- 

vey the current to the lamps, and even in the cases where channels for 
the wires have been provided in the designing of the fittings they are 
often left in such a rough condition inside as to endanger the safety of 
the insulation. Of late years very considerable progress has been made 
in the redesigning of the fittings of our homes so as to make them at 
the same time both serve their proper purpose and be pleasing to look 
upon. 

Electrical cooking and heating apparatus has advanced during the 
last decáde, but there is one difficulty which is not often referred to 
when one compares electrical heating apparatus with heating by means 
of flames. I mean the difficulty of limiting the temperature rise. For 
convenience, for instance, to boil a kettle it is necessary to be able to 
generate heat very quickly for a short time. It is quite easy to construct 
apparatus to fulfil this condition, but if such electrical apparatus be left 
in service continuously it may attain a temperature which will be in- 
jurious to it. This is not the case with flame heating, as there is always 
an upper limit of temperature, namely, that set by the flame itself. If 
we could obtain materials for our heating apparatus which could be 
run continuously at a very high temperature, say in the neighbourhood 
of white heat, then this difficulty would be to a large extent overcome, 
because the dissipation of energy by radiation would rapidly become 
so great with rise of temperature that the final temperature would be 
reached before the heating arrangement was injured ; a material with 
a very high positive temperature coefficient would serve the same 
purpose. | 

A further advantage of possible high temperatures of the heating 
part is that it enables heat to be transferred from one place to another 
by radiation, a method of transferring heat which we know from 
experience is very suitable for many heating and cooking purposes. 
Weare all accustomed to the advantages of the glowing red fire. The 
last few years has scen a great progress, and I see no reason why still 
greater progress should not be made in the near future. What I wish 
to emphasize is that in my opinion the Institution as a body has not 
sufficiently discussed and considered these matters. 


ELECTRICITY AND CHEMISTRY. 
Turning next to the subjects on the borderland between electricity 
and the other sciences, we are all of us acquainted with the brush 
discharge, yet how much do we know of its mechanism? In our 
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high-tension machinery we are mainly occupied with trying to get rid 
of it and its injurious effects. Yet it has its uses. Nearlv all the in- 
formation in our proceedings deals with the negative question, namely, 
how to avoid it. 

Now the electric discharge has a peculiar property of producing that 
modification of oxygen known as ozone, which is without doubt a 
strong sterilizing agent, and which may in the future have consider- 
able applications. A modification of the conditions of the production 
of the discharge will cause the formation of oxides of nitrogen instead 
of oxides of oxygen. Oxides of nitrogen are of great commercial 
importance, and their production by electrical means will probably 
be one of the most important industrial applications of electricity. 

Already in Norway between 100,000 and 120,000 kw. is employed 
working day and night for this purpose, and it is stated that this power 
will shortly* be increased to nearly 250,000 kw. The main object of 
fixing the atmospheric nitrogen is to form a substance to replace Chili 
saltpetre. The demand for this is yearly growing at an increasing rate. 
I will not take you over the ground which has been so ably covered by 
Sir William Crookes, Professor Silvanus Thompson, and others, pointing 
out the vital importance to the world of being able to fix atmospheric 
nitrogen, and showing how soon there will be a shortage of the natural 
material. It suffices to say that as far as one can see the price of the 
material in the future is likely to rise rather than fall, so that the 
electrically produced substitute will be able to compete more easily. 

What is the mechanism, what are the causes which determine 
whether when an electric discharge takes place the nitrogen or the 
oxygen of the air will be oxidized ? Certain forms of the arc discharge 
seem especially favourable to the production of the oxides of nitrogen. 
It appears that a high temperature is required to oxidize the nitrogen, 
but that at a lower temperature the oxides of nitrogen which have been 
formed decompose again, so that it is necessary to remove and cool 
the nitrogen compounds after formation as quickly as possible to 
prevent them from being destroyed. 

The properties of the different compounds of oxygen and nitrogen 
and the active modifications of oxygen and nitrogen—for an active 
modification of nitrogen has lately been discovered by Professor Strutt 
—are really in the domain of chemistry, so we are here on the border- 
land between electricity and chemistry, a borderland in which one 
of the largest of electrical industries is already in its inception. 

Although much work has been done on the subject of the nature 
of the discharge which produces the greatest proportion of oxidized 
nitrogen, yet I feel that the last word on this subject has by no means 
been said, and possibly a simple observation of some peculiarity of the 
electrical discharge may form the key to greatly improving the effi- 
ciency. Should this be the case a large nitrate-producing industry 
may grow up around the coal-fields of this country, an industry which 
will be of considerable value to agriculture. 

Last year about 125,000 tons of nitrate were imported into this 
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country. To produce the equivalent amount of fixed nitrogen per 
annum would, on the basis of Norwegian plants, require about 
150,000 kw. 

At the moment I believe that the cost of electrical power is the 
chief stumbling-block to the introduction of the manufacture on a large 
scale in this country. 


ELECTRICITY AND SOUND. 


The borderland between electricity and the science of sound is, so 
far, less fruitful in interesting results. This may be due to the fact 
that sound consists of air vibrations, therefore all electrical methods of 
producing sounds resolve themselves into designing electrical motors 
whose work is to shake and vibrate the air. | 

Now the telephone receiver is such an electrical motor, and the 
laws that govern the efficiency of electric motors in general also govern 
the action of the telephone receiver. 

I do not know of many researches on the efficiency of the telephone 
receiver, yet the question is really a practical one and of considerable 
importance. The telephone receiver may be looked upon as an alter- 
nating-current motor. It receives electrical energy, which it converts 
into the mechanical form in the motion of its diaphragm, which energy 
is transmitted to the air as sound waves. There is no special difficulty 
in measuring the electrical energy supplied to the telephone receiver to 
a moderate degree of accuracy. The amount of this energy that is 
transmitted to the diaphragm is much more difficult to estimate. The 
real difficulty is the determination of the amount of energy of the sound 
waves. If we possessed any apparatus by means of which we could 
measure energy of sound waves, not only could we determine the efh- 
ciency of the telephone receiver, but the apparatus would have many 
other useful applications. It is curious to think that up to the present 
we have no unit or standard of sound. We cannot specify its strength 
or intensity. Even the comparison of two sounds by the ear is very 
inaccurate ; nowhere near as accurate as the comparison of two lights 
by means of the eye. This want of standards and methods of measure- 
ment is, I believe, one of the causes which have retarded progress in 
the science of sound. Can electricity, the handmaid of all the other 
sciences, help in this direction ? 

Electricity has been applied to many investigations into the charac- 
teristic qualities of sounds, and especially to those qualities which 
characterize the vowels. Sir John Gavey, in his Presidential Address,* 
and Messrs. Cohen and Shepherd + have published many interesting 
results, which have been of use in enabling us to decide what is the 
range of frequencies for which our telephone apparatus must be 
constructed to enable good articulate speech to be obtained. 

Electricity can be utilized for the detection of small sounds. Two 
microphones attached one on each side of the hull of a ship enable the 


* Journal of the Institution of Electrical Engineers, vol. 36, p. 4, 1906, 
1 Ibid., vol. 39, p. 503, 1907. 
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sounds of distant submarine bells to be heard through the water and, 
further, enable the captain to tell whether the sounding bell is fore or 
aft or broadside on, and approximately the bearings of the bell. Asa 
means of warning ships of the dangers of the coasts, submarine sources 
of sound and electrical means of detecting them are destined to play a 
considerable part in the future. A number of stations and ships are 
already equipped. 

The production of electrical currents whose variations reproduce 
the variations of the air pressure in the sound waves is of greatest 
importance. The present microphone is only able to deal with com- 
paratively small currents, and therefore, good as it seems, it has serious 
limitations. One cannot look upon the variations in the electric currents 
produced by the microphone when spoken into as truly representative 
of the sound waves. Microphone diaphragms possess, like most vibrat- 
ing bodies, free periods of their own. One has only to produce in front 
of a microphone a series of notes which sound approximately equally 
strong, and it will be found that the current variations produced arc 
enormously greater for some notes than for others, and that great 
distortions take place. "There is no very great difficulty in proving 
that this occurs for notes with approximately the same periodic time 
as one of the free vibrations of the diaphragm. Another difficulty 
resides in the fact that the resistance of the microphone is not con- 
nected to the pressure of the sound wave in any clearly defined way, at 
any rate for the strengths of sound used in practice, so that the micro- 
phone must be looked upon as being very far indeed from an ideal 
measuring instrument. Many researches have been made to try and 
invent new microphones. We seem to know but little of the exact 
mechanism of the transfer of electricity from one body to another when 
they are lightly in contact. Probably a thorough investigation into 
the nature of contacts would reveal much useful information not only 
on the theoretical but on the practical side, and provide data for the 
design of new microphones, and for the contacts used in electrical 
apparatus. Asan example of the extraordinary sensibility of a contact 
under suitable conditions, I might mention the contact in Mr. S. G. 
Brown's relay, which by means of an ingenious automatic electrical 
arrangement is kept in such a condition that one feels doubtful 
whether there is actual contact or not. 


ELECTRICITY AND RADIATION, 


One of the most fascinating subjects on the borderland between 
electricity and the other sciences is the connection between electrical 
energy and radiant energy, and the possibility of the mutual conversion 
of one form into the other. 

Although at first sight this subject may seem somewhat remote from 
the matters which occupy the minds of electrical engincers in their 
daily work, yet it is of the utmost importance. Something like 500 
million units are used annually for lighting purposes. Light is a short 
wave-length radiation. If we think of the large plants that are 
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installed, boilers, turbines, and generators, and all the money spent 
in laying mains in the streets, and if we think of this simply as a means 
of producing a short wave-length radiation for the purpose of lighting 
our rooms and our public streets, we are led to inquire what sort 
of efficiency we are obtaining. We have heard much in the past 
of the great efficiency of electrical apparatus. 

Electrical apparatus is very efficient. As our real object is the pro- 
duction of light—the conversion of the heat energy of the coal into the 
radiant energy of light—what is the overall efficiency? It is well 
known that it is very low. Тһе experimental difficulties in the way of 
obtaining accurate figures are great. According to some tests by Dr. 
Drysdale, a 1 candle-power source of light which emits all its energy 
in the visible spectrum, say between the wave-lengths 0:39 and 0776 y, 
and so distributed as to produce white light, will radiate energy at the 
rate of about 7, of a watt, or if the whole of the energy were to be con- 
centrated in the wave-length to which our eyes are the most sensitive, 
say in the yellow green, the rate would be about уу of a watt per 
candle-power. 

Looking through a number of different determinations, there seems 
no doubt that, even with the best forms of modern metallic filament 
lamps, the efficiency of the conversion of electrical energy into radia- 
tion of a wave-length suitable to our eyes probably does not exceed 
5 per cent. 

If we consider tbe losses in the boilers and engines so as to find 
the overall efficiency of our means of production of light, we realise 
that the figure is still more unsatisfactory. The thermal efficiency 
of the steam engine does not exceed 20 per cent, so that the efficiency 
of transformation of the heat energy of the coal into radiant energy as 
light is well under r per cent. There is, therefore, plenty of room for 
improvement. The question as to whether we can improve on this 
unsatisfactory result leads us to consider rather closely one of the 
problems on the borderland, namely, the mechanism of the conversion 
of electrical energy into radiant energy such as light. In the great 
bulk of practical sources the light is obtained by heating some solid 
body to such a high temperature that it emits radiant energy in the 
form of light. This is certainly the case with ordinary incandescent 
lamps and arcs. The real reason that sources of light consisting 
of heated solid bodies are so inefficient is that these hot bodies 
radiate so little of their energy at wave-lengths suited to our eyes. 

In the incandescent lamp there is probably very little loss by 
conduction and convection ; practically the whole of the electrical 
energy is converted into radiant energy, yet unfortunately over 9o per 
cent of this energy is produced at wave-lengths which are too long to 
affect our eyes. We can shorten the wave-length at which the hot 
filament gives out the bulk of its energy by raising its temperature, 
but there is a limit to this in the temperature which the filament will 
stand. Probably the main reason that the metal filament lamp is more 
efficient than the carbon filament lamp is that its filament is capable 
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of being used at a much higher temperature. This, however, need not 
be the sole reason, as there are some bodies which tend to concentrate 
their radiation in certain regions of the spectrum. The processes 
that are taking place in a solid body when it is radiating are not fully 
elucidated. 

Sir J. J. Thomson has built up a wonderful theory of the consti- 
tution of matter, in which the atoms of all bodies contain small 
discrete particles of negative electricity which he calls corpuscles. 
These corpuscles, irrespective of the nature of the body or of its state, 
always carry the same charge of negative electricity, and it is the 
movement of these charges of electricity that constitutes our electric 
currents. 

In gases the corpuscles are looked upon as being able to move 
about with comparative freedom, and at very high speeds. In metals 
there are two points of view: one that a number of free corpuscles 
are moving about between the atoms, and the other that the corpuscles 
are being handed backwards and forwards between one atom and 
another of the metal. 

In all cases the conduction of electricity may be looked upon as a 
drift of the corpuscles carrying their negative charges. 

Under this hypothesis, one of these corpuscles in movement is an 
electric current, and consequently produces a magnetic field, and as it 
carries an electric charge it also produces an electric field. The 
sudden starting or stopping of these corpuscles, or any change in their 
movement, will, therefore, produce varying electric and magnetic fields 
which, by Maxwell’s theory, will constitute an electro-magnetic 
radiation in the form of light, the wave-length of which will depend 
upon the suddenness of the starting or stopping. 

According to Lorentz, collisions between the corpuscles and the 
atoms give rise to the radiations which we know as heat and light, and 
it is the nature of these collisions that determine the wave-length in the 
solid bodies. If some such theory as this be correct, that light is 
produced by the starting and stopping of electrical particles, it would 
seem as if we ought to be able to devise some method of producing 
radiation of the correct wave-lengths to suit the eye without producing 
anumber of other wave-lengths we do not require. With regard to 
the very long wave-lengths such as are used in wire]ess telegraphy, the 
result has already been accomplished, and we can produce a radiation 
of practically one wave-length direct with a comparatively high effi- 
ciency. Can we do the same thing with a short wave-length? Many 
attempis have been made to generate electro-magnetic radiations of 
very short wave-length. The methods used in wireless telegraphy are 
obviously impracticable. In wireless telegraphy the wave-length of 
the radiation is in general several times as long as the aerial conductor 
used as a radiator. As light radiations have a wave-length of only 
1dos Of a millimetre, we should require wireless stations to produce 
light having aerial conductors some (54s; of a millimetre long, in 
other words, our wireless station must be almost of molecular size, 
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I have already mentioned that in gases the corpuscles move about 
very much more freely, and we are consequently able to influence their 
movement by electrical means very considerably. If we make them 
collide violently, either with the remaining atoms of the gas or with the 
electrodes, radiations are produced, and these radiations are in some 
cases of sufficiently short wave-length to constitute light. The light 
given out by an atom in, say, a vacuum tube or flame has quite definite 
characteristics depending upon the nature of the material. It secms as 
if each atom contains or has circulating around it a number of cor- 
puscles which can vibrate or move in certain definite manners 
depending upon their arrangement, and that these corpuscles emit, 
depending on their movement, radiation of certain definite wave-lengths 
producing the lines in the spectrum and the characteristic colours of 
the light of flames, etc. In the case of the flame arc we are already 
taking advantage of the light-emitting properties of heated gases. In 
the mercury arc we have another case of the production of light other 
than by the heating of solid bodies. In both these cases the high 
efficiency is probably due to the substitution of a gas for a solid body 
as the light-giving agent. 

Unfortunately the mercury arc gives a somewhat unpleasant light 
owing to the greater part of its radiation being concentrated in a 
limited number of wave-lengths, mostly in the green. The advent of 
fused quartz, which will stand a very high temperature, as tubes for 
mercury arcs, has enabled the feeble radiation of the red to be some- 
what improved. Up to the present mercury is the only metal that has 
been used in practice. Other metals have been proposed, and lately it 
has been suggested to use molten cadmium, which gives a very much 
more pleasant light, but this metal is a solid at ordinary temperatures, 
this necessitates somewhat special starting devices. 

A minute trace of mercury is said greatly to improve the efficiency 
of the cadmium arc ; according to Wolfke an efficiency of 6 Hefner 
candles per watt has been obtained. 

Much work is quietly going on, of which we in the Institution hear 
nothing, to try completely to unravel the mechanism of the transfer 
of electricity through gases. There is much to be hoped for along 
these lines. The elaborate glass apparatus, the vacuum tubes, the 
mercury, the liquid air, etc., which are being used in the research make 
the experiments look most unpromising from the practical engineers’ 
point of view. Yet some progress is being made in electric lighting by 
means of the passage of electricity through gases. Many members will 
remember the vacuum tube 176 ft. long which was used to light the court- 
yard of the Savoy Hotel. That tube, I believe, contained nitrogen, and 
according to the tests of Professor Fleming gave an efficiency of 0°56 
candle per watt. About a year ago I saw a tube, not such a long tube, 
filled with the rare gas neon obtained from the residues in the manu- 
facture of liquid air. This tube gave a most beautiful rose-coloured 
light. If this rare gas were obtainable in sufficient quantities we might 
have a rival to the flame arc. I may mention in passing that tubes con- 
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taining neon are now commercially obtainable and are claimed, in the 
larger sizes, to have an efficiency as high as 2 candle-power per watt. 
Further researches on the borderland between electricity and radia- 
tion will no doubt provide us with still more efficient sources of 
light. 

I have spoken of the production of radiation by means of electricity. 
Can the electrical engineer solve the converse problem on a com- 
mercial scale? When we think that the whole of the energy which 
is now available, either stored in the coal or in the waterfall, has 
reached us in the form of radiant energy from the sun, one wonders 
whether there is not some method by which we can trap that radiant 
energy and convert it direct into electrical energy, without the 
intermediary of the plant-life of past ages which has formed the 
coal, or the evaporation of the mighty occan which supplies the 
waterfalls. 

Let us take a concrete example of the rate at which the earth 
receives radiation. I choose London because the complete data are 
available, although probably it will be difficult to find a much worse 
place, owing to the dirty atmosphere. 

In a recent memoir of the Meteorological Office some curves are 
given of the rate of the radiation in South Kensington. From this 
memoir it would appear that on a clear day in September last year 
the maximum rate of radiation was as high as 0'07 watt per square 
centimetre, and the mean value between sunrise and sunset o'04. 
On a dull day in October the mean radiation between sunrise and 
sunset was still as large as 0:007 watt per square centimetre, so that 
as a rough figure one might take the mean rate of radiation as being 
135 Of a watt per square centimetre for ro hours а day. Hence each 
square kilometre of the surface of London is receiving energy at the 
average rate of 100,000 kw. during the daytime. 

If an efficiency of transformation of то per cent. could be obtained 
in converting the energy of radiation into electrical energy, we should 
have available 10,000 kw. per square kilometre, which would more than 
suffice for the present demands. The average total connections of the 
supply authorities in the 25 square miles north of the Thames amount 
to about 3,300 kw. per square kilometre. 

In the clear atmosphere of the Alps the radiation is much more 
powerful. According to Millochau and Féry it may reach o'17 watt 
per square centimetre, so that the power available is probably two 
or three times that mentioned above. 

We are at present very far from any practical means of converting 
the energy of radiation directly into electrical energy, although on 
a small scale this conversion really takes place in many photoelectric 
arrangements. For instance, the action of light on the liquid 
potassium sodium alloy has been shown by Professor Fleming to 
produce a voltage as high as o'6 volt when the liquid alloy and a 
platinum plate are enclosed in a highly exhausted tube and the liquid 
alloy is illuminated strongly. ‘There seems little doubt that the current 
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that is generated in this case is produced from the energy of the light 
that is absorbed. 

The effects so far obtained are extremely small. At the most only 
a few microamperes are obtainable with very strong illumination. 
Nevertheless, this property of sensitiveness to light, though at the 
moment it has no practical applications, may at any time be found to 
fill some useful purpose and make another case, illustrating how 
observations that are one day on the borderland of science may 
shortly afterwards be of practical use in engineering. 

When it is remembered that the water-power in Norway alone is 
estimated to produce several million kilowatts, it is evidently better, 
for the present at any rate, for engineers to utilize the solar radiation 
by harnessing the waterfalls rather than by attempting to build 
radiation traps in the Sahara. 

I have to-night covered much ground and touched very lightly on 
many subjects, more with a view of drawing your attention to the 
many ramifications of our science and industry than of giving a review 
of any branch. If, gentlemen, I have succeeded in showing the need 
for the Institution to take an active interest in as wide a field as 
possible, and for it to take, in the future, an even wider outlook on 
the various branches of the industry, I have attained my object. 


Mr. W. M. Morpey: To-night the pleasant duty falls on me to give 
expression to what I am sure you all have in your minds—our appre- 
ciation of the intensely interesting and very able Presidential Address 
we have just heard. This address illustrates well our new President's 
grasp, not only of main general principles, but also his intimate know- 
ledge of the details of the applications of electricity and of electrical 
science. It is said that the best equipment for a prophet is a complete 
knowledge of the past. I think our President, in the little glimpses 
he has given us into future developments, based as they are on such 
a knowledge, has shown that he has all the necessary equipment of a 
successful prophet. Before proposing the formal resolution that I 
have been asked to move I should like, if I may be allowed to do so, to 
mention one or two points that may interest you. I want to draw your 
attention to the fact that our President is the first man who has worked 
through all the stages of membership of this Institution from student 
to President. He became a student eighteen years ago, їп 1894; and 
in succession he became an associate, an associate member, a member, 
a member of Council, a vice-president, and now we have the great 
pleasure of welcoming him here as our President. His first appearance 
before this Institution many of you will remember. To me it was 
almost a sensational appearance. It was in January, 1899, when, with 
a fellow-student who is now Professor Marchant, he read a paper on 
“Experiments with Arcs by the Aid of Oscillographs.” His second 
appearance was a little less than a year after that, when he read a 
paper of his own on “Rapid Variations in the Current through the 
Direct-Current Arc." I think all of us who heard those papers realized 
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that here wasa coming man. It was quite evident that he had a splendid 
outfit for useful work. He was a physicist, a mathematician, a 
mechanician, an experimentalist, a ready speaker, and he had tircless 
industry. Since then, as you all know, he has done excellent service 
for the art and the science of electricity; he has often contributed to 
our Proceedings, and every time he has so contributed he has added 
sensibly to their value. Not only that, but his activity as an organizer 
and a worker on committees has been very great—work of which 
members who are not on the Council know nothing. I think one 
must not lose sight of the fact that in doing that kind of work for the 
Institution he has actually been making a sacrifice. I am sure he will 
not mind my saying so, but while I know that work has been a great 
gain to the Institution, I have always felt that a man with his special 
qualities would be better employed if kept entirely at scientific and 
experimental work. There is one other point I may perhaps be allowed 
to mention—Mr. Duddell is a very real link with the recent past. He 
came to us here as a most promising pupil of one who has gone from 
us, our late past-president, that great teacher, Ayrton. No one would 
have been prouder, or more appreciative, than Professor Ayrton if he 
could have been here to-night to have heard this address from his 
pupil. I will now simply move the formal resolution : “That the best 
thanks of the Institution be accorded to Mr. Duddell for his interesting 
and instructive Presidential Address, and that with his permission the 
address be printed in the Fournal of the Institution." 

Sir JOHN GavEy: It is with very great pleasure that I rise to second 
the resolution that has been proposed by Mr. Mordey. I think I may 
say with truth that those of us who had the privilege of being 
associated with Mr. Duddell in the early years of his professional 
career were very much struck by the extraordinary versatility he dis- 
played, and the wonderful grasp of difficult problems which he always 
appeared to have at his command ; and many of us ventured to pro- 
phesy that he would go far in his profession before many years had 
elapsed. Itis a pleasure to us, as I am sure it is to all of you, to see 
him occupying this chair to-night. I have spoken of his versatility and 
grasp of difficult problems. Perhaps you will excuse me if I venture 
to give one brief illustration. A few years ago we, at the Post Office, 
were very much interested in a series of wireless experiments that we 
were carrying out. At one of our Council dinners I was sitting along- 
side Mr. Duddell, and discussing the questions at issue I said to him: 
“What we want is an instrument that will allow us to measure the 
received energy at varying distances, so as to prove the law, which we 
think we know, connecting the transmission of energy with the distance 
separating the two stations." Mr. Duddell thought for a few moments, 
and then he said, "Ithink it can be done." Nobody had done it up 
to that time. A few weeks later he came to me and said, “I have got 
an instrument that I think will do it.” I arranged for a series of experi- 
ments, which took place in Bushy Park. A little while later we placed 
one of our cable ships at his disposal. He made a series of experi- 
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ments, in conjunction with Mr. Taylor of the Post Office, in the 
Irish Sea, and the results of those experiments were laid before the 
Institution in a joint paper. But the point I want to make is that, 
within a few weeks of my putting the problem before him, he had 
solved the difficulty and laid before all those interested in wireless 
telegraphy facts and data for which we had been waiting for some 
years. I now simply second the resolution moved by Mr. Mordey, and 
ask you to receive it with acclamation. 

The resolution was then carried by acclamation. 

The PRESIDENT: I have to thank you for the cordial way in which 
you have passed the vote of thanks. 

The meeting adjourned at 9.45 p.m. 
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INAUGURAL ADDRESS OF THE CHAIRMAN, 


W. C. MOUNTAIN, Member. 


ABSTRACT. 
(Address delivered 21st October, 1912.) 


After a close association with the manufacturing side of electrical 
work over the last thirty years, I feel it a great honour to have been 
elected Chairman of this Local Section of the Institution of Electrical 
Engineers, and to have the opportunity of addressing you. I think that 
it will be best for me to deal more generally with the class of work with 
which I am most intimately acquainted, namely, the application of 
electricity to mining work, and also the general advances that have 

been made in electric transmission of power. ° 

Dealing with the general subject of my Address, it is gratifying to 
see that my early view as regards the possible applications of electricity 
for driving mining machinery—including winding, haulage, pumping, 
coalcutting, etc.—has been successfully substantiated, such applications 
now making very rapid strides. In fact, it may truly be said that no 
modern colliery or mine can possibly be worked economically unless it 
is thoroughly equipped with up-to-date electrical plant. 

Some three or four years ago a serious explosion occurred at West 
Stanley Colliery, and, although an open verdict was returned, there is 
no doubt that in the minds of miners and others the cause of the 
explosion was attributed to the use of electricity. Although I have 
read the evidence very closely, however, and have been associated 
with a great many men who have full knowledge of the explosion, I do 
not think that electricity was the cause of it. At any rate, the explosion 
caused a great feeling of unrest ; so much so, that, notwithstanding the 
fact that a new set of Rules for the use of Electricity in Mines had been 
issued about 1905, it was considered desirable to revise these Rules. 

The main object of the New Rules has been to ensure a good 
mechanical protection to all cables, an efficient system of earthing, and 
animprovement in the design of switchgear, together with the better 
supervision of electrical plant underground. To put the matter briefly, 
the Rules now demand :— 
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(a) All cables working at pressures of over 250 volts must be 
armoured ; and, in the case of alternating current, they must necessarily 
be of the three-core type. With continuous current single cables are 
permitted, also armoured, but bonded every тоо ft. 

(b) The conductivity of the armouring with three-core cables must 
be 50 per cent of the conductor enclosed, and 25 per cent with con- 
tinuous-current cables if single cables are used, the object of this being 
to ensure an efficient earthing system. It is also specified that all 
earth conductors must be carried to the surface, the object being to 
enable conductivity tests of the armouring to be made to ensure that 
the earthing system is satisfactory. This method of earthing in con- 
junction with an earthed neutral enables leakage trip devices to be 
used if they are considered desirable, but the earthing of the neutral is 
not compulsory. For 250 volts or less, single unarmoured cables may 
be used, but they have to be enclosed ina metallic casing protecting 
the whole of the cables forming one circuit in all positions where they 
are in any way liable to injury. 

(c) Leakage indicators are required upon all installations. In this 
connection, many types of apparatus have been introduced of the 
simple and recording type. 

(d) Whilst the Mining Rules apply only to underground work, 
their provisions as regards the design of switchgear may be taken to 
apply to any switchboards or controlling switches on the surface ; and 
all switchgear must be enclosed underground, so that dust cannot lodge 
on live parts. This Rule has been the means of very greatly improving 
the type of switchgear, and we have to-day many examples of the draw- 
out type of switch column with oil-filled switches with the necessary 
isolating arrangement, also arranged to take ammeters and voltmeters, 
and, if necessary, leakage indicators and trip gear also; these are as 
nearly fool-proof as anything can possibly be. There is absolutely no 
difficulty in earthing satisfactorily. 

(e) The Rules also provide that in connection with all underground 
lighting work at pressures of over 250 volts, the cables must be twin or 
concentric and armoured throughout. They provide, however, that for 
pressures of less than 250 volts single unarmoured cables may be used ; 
but where they are liable to injury they must be armoured or encased 
in iron piping, and the armouring earthed to bank. 

(f) In connection with the earthing rules, which are now very 
stringent, portable machines, such as coalcutters and conveyors, require 
to be earthed, whereas previously it was not necessary todo so. The 
memorandum accompanying the Rules gives very explicit details as to 
the construction of the terminal boxes on the coalcutter or conveyor 
switch, and on the gate-end box; and it provides that the earth con- 
nection must be made before the live connection, and that it must also 
be broken before the live connection. 

(2) A further provision is made for the appointment of an electrician, 
and for the authorization of men underground to work electrical 
apparatus, 
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When the New Rules were under consideration, it was pointed out 
that many installations which would not comply with the requirements 
had been erected within recent years, that no accidents had occurred, 
and that to bring the installations in line would involve a very heavy 
expenditure. In my position as arbitrator appointed by the coal 
owners in a large section of the coalfields of England, I ascertained 
that in eleven collieries alone it would mean an expenditure of £49,000 
in new cables, switchgear and other details, notwithstanding the fact 
that these pits had been free from accidents. The Home Office then 
granted an exemption until 1920, which provides that :— 


“The requirements of the foregoing Rules which relate to the 
construction of cables and other apparatus shall not before 
the 1st January, 1920, apply to any apparatus which was in 
use before the rst day of June, 1911, and which had been 
constructed or had before the 1st June been adapted so as to 
comply with the requirements relating to the construction of 
electrical apparatus in mines in force before that day unless 
the Inspector of the district by written notice served on the 
Owner, Agent or Manager as regards all or any of the said 
requirements of the foregoing Rules so directs." 


SURFACE MACHINERY. 


In the North of England, coal owners are fortunate in having one 
of the largest electric power companies available ; and given a cheap 
supply of electricity there is undoubtedly an enormous future for its 
use. When electricity can be supplied at a price reasonably near the 
cost at which it can be produced at the collieries or mines, coal owners 
are certainly well advised to utilize such capital as they would other- 
wise have spent on generating plant in increasing the application of 
electricity for winding, haulage, pumping, coalcutting and other 
operations underground. It must, however, be remembered that in 
this and other districts there is a large amount of unsaleable coal 
which is sufficiently good for steam raising ; also that we have other 
sources of power, such as waste heat from coke ovens, exhaust steam, 
and blast furnace gas. 


UTILIZATION OF GAS. 


Owing to recent improvements in the design and construction 
of gas engines, they can undoubtedly be relied upon for large power 
units. Gas engines are now being manufactured of from 3,000 to 
4,000 h.p., and are giving every satisfaction. The heat consumption 
of large gas engines in practice averages about 10,000 B.Th.U. at 
normal full load, and about 9,500 B.Th.U. at maximum overload. 
The net heat value of blast-furnace gas varies with the duty of the 
furnace and the character of the fuel used, but in general it is between 
go and 110 B.Th.U., that is to say, тоо B.Th.U. per cub. ft. is a fair 
average. With coke-oven gas the heat consumption is the same, The 
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heat value of coke-oven gas varies considerably, but it is generally in 
the neighbourhood of 450 to 500 B.Th.U., occasionally less. Taking 
450 B.Th.U. as a usual figure, the consumption per b.h.p. per hour at 
normal full load is about 224 cub. ft. 

The exhaust gases from gas engines can also be used for generating 
steam, and when an engine is developing something like its full load, 
from 2 to 24 Ib. of steam per b.h.p. per hour, at бо Ib. pressure, are 
required. This steam can be utilized for driving auxiliaries, heating, 
and other purposes. 

As regards the power available from blast-furnace and coke-oven 
plants, the following figures are interesting :— 

The calorific value and volume of gases evolved by a blast-furnace 
depend upon the character of the furnace burden, and to some extent 
upon the method of driving ; but, as an average figure for the North- 
East Coast practice, the gas evolved per ton of pig-iron produced is 
about 160,000 cub. ft. measured at atmospheric temperature and 
pressure. Of this gas about one-third is used by the ovens, about 
one-eighth by the blowing engines (if driven by a gas engine), and 
about ro per cent is lost or used up in miscellaneous ways ; thus about 
45 per cent of the gas is available as surplus, or about 72,000 cub. ft. 
Taking an average heat value of 100 B.Th.U. per cub. ft. the horse- 
power developed by large gas engines would amount to about 30 b.h.p. 
for every ton smelted in twenty-four hours. If ordinary steam blowing 
engines were already installed, the available surplus would drop to 
about 25 b.h.p. per ton of pig in twenty-four hours, and might even 
fall below this value. 

With coke-ovens the production of gas naturally varies with the 
quality of the coal, but an average figure is 10,000 cub. ft. of gas per 
ton of coal. The surplus gas, when regencrative ovens are employed, 
amounts to about 5000 cub. ft. per ton of coal. Where non-regenera- 
tive ovens are employed, the surplus is very much less, sometimes 
amounting to 2500 cub. ft. In these cases the high temperature of 
the escaping gases enables a good deal of steam to be evaporated 
by utilizing the gas with suitable boilers. Roughly speaking, I believe 
that about т to 1} 16. of steam will be generated for each pound of coal 
coked ; and this steam may, of course, be used for driving steam 
turbines or other types of engines. It will thus be seen how much 
power can be obtained by utilizing what was at one time a mere 
waste product. 

It is impossible here to deal with the many applications of waste 
sources of power, but their value has been recognized by the Newcastle 
Electric Supply Company, who have already established a number of 
waste-heat stations ; these enable the Company in turn to supply power 
at reduced rates to their consumers. At the same time, where a works 
or a group of collieries are of sufficient magnitude to use the waste 
heat or gas themselves in one form or another, there is no doubt that, 
owing to the small distribution losses, such works stand in an exceptional 
position for the cheap production of electricity. It is gratifying, indeed, 
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to see the way in which private powcr stations of considerable size are 
being installed all over the country. 

I have had occasion to report upon, and also to install exhaust steam 
plants, and I am able to state positively that, after allowing for interest 
and depreciation of the plant, also for attendance, repairs, upkeep, and 
in some cases a certain amount of coal for producing steam for 
operating the turbincs when exhaust steam was not available, the cost 
has been as low as o'15d. per unit, and іп many cases under o'*2d., 
notwithstanding the fact that the plants are working with a load factor 
of only about 30 per cent. Fortunately, in this district we have the 
Electric Supply Company, who are prepared, I understand, to provide 
upon reasonable terms a standby supply, and also to give current when 
the turbine is standing or is laid off for repairs. In this way the cost 
of his generating plant is reduced to the coal owner, since the 
expenditure of capital on duplicate machinery is avoided. 


ELECTRIC WINDING. 


Since writing my first paper on “ Electric Winding” the design 
of electrical machinery has improved, and costs have been reduced ; 
but, even yet, for the heavy work and with cheap coal or waste heat 
as fuel, I still think that the modern economical steam winding engine 
with high-pressure boilers, and superheated steam, will be found the 
cheaper system of winding. 

I have never seen any actual figures taken over a period of, say, 
twelve months which show the cost of winding by electricity for 
heavy duty, and it will be very interesting if some figures— particularly 
of winders operated from a supply company—can be given. There 
is no doubt, howcver, that for winding engines of small output there 
is a very large field, as small steam winding engines are necessarily 
uneconomical. I am glad to say that in this direction a very con- 
siderable amount of work is being donc, and I think it could be 
increased. 

A great deal of controversy has taken place as to thetype of winder 
to use for such duty. Personally, I consider that the use of machine- 
cut helical gearing has assisted greatly, as it enables smaller and less 
expensive motors to be used. The main question is whether such 
winders should be provided with induction motors driving direct, or 
whether motor-generators or balancers should be fitted. There is no 
doubt that the simple induction motor has a great charm on account of 
its lower cost; and assuming that the source of the power supply is 
such that the peak load on starting does not cause any trouble, T 
should feel disposed to recommend it. Investigations which I have made 
in connection with a paper read by Mr. H. J. S. Heather before the 
Institution in London, show that the consumption of current is about 
equal to that of the more complicated motor-generator or balancer 
equipments. It must also be remembered that in introducing a motor- 
generator there is the risk of breakdown of the motor, heating of 
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bearings, resistance of flywheel, and the possibility of the generator also 
failing. 


CABLES. 


The use of high voltage has, of course, brought forward various 
types of cables in connection with mining work, and we have the 
choice of vulcanized india-rubber, bitumen, paper, and other compounds 
such as dialite. Personally, I have been an advocate of bitumen 
cables for many ycars. I know that paper-lead cables are being almost 
exclusively used on the Continent, and for very high voltages I have no 
doubt they are desirable; but for mining work, where there is risk 
of the lead sheathing being punctured and the paper absorbing moisture, 
it appears to me that bitumen cables possess many advantages. It is, 
of course, desirable that the cables should be constructed so that there 
is little or no risk of the conductors coming in contact due to 
decentralization. 


UNDERGROUND SWITCHGEAR. 


In connection with all installations there should of course be a 
main or master switch in each seam to enable the supply to be entirely 
cut off; and, in addition to this, distribution switches should be 
provided so that all circuits can be controlled from the one centre. 
The type of switchgear now on the market, i.e. the pillar type with 
draw-out arrangement for isolation, lends itself very satisfactorily to 
this purpose ; and I think that with switchgear of this construction, 
with the cases properly earthed and with ammeters on each circuit 
and a voltmeter to the master switch, every reasonable protection is 
obtained. 

The method of earthing the armouring on to the switch cases 
requires considerable attention, as it is by no means easy to obtain a 
satisfactory earthing system unless very great care is taken in these 
details. The same remarks also apply to the junction boxes and to the 
connections to the motor switches, controllers and the motor cases 
themselves. | 


UNDERGROUND MOTORs. 


I am glad to note that the Rules in regard to the installation of electric 
motors underground are fairly open, but there is no doubt that it is 
desirable to enclose the slip rings if there is any likelihood of gas, and 
the switchgear must of course be accordingly constructed. I do not 
consider, however, so far as I have seen at present, that the total 
enclosure of large motors is satisfactory. It is first of all very expen- 
sive, and even if labyrinth or gauze protection is used there is a 
liability of the apertures becoming filled with coal dust and the ventila- 
tion greatly interfered with, so much so, that the motors might as well 
be totally enclosed. 

If the air can be taken from the intake, this affords a solution 
of some of the difficulties. I may state, however, that taken 
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broadly I regard total enclosure as a mechanical protection only, 
because one must remember that, however perfect a machine may bc 
at starting, there is always the risk of any doors or covers being left 
improperly secured. This leads one to the conclusion that where there 
is any real danger of gas ina colliery it is far better to install compressed 
air plant in that particular district. 

Fortunately, electricity enables us to carry our power a long way 
inbye to a point where compressors can be placed supplying air to the 
auxiliary machinery ; but, even then, the losses in a compressor and the 
conversion are necessarily great. In this connection it may interest 
you to know that the average disc coalcutter absorbs about 600 cub. 
ft. of free air per minute at 45 to бо lb. pressure, and it is not 
economical to work at a higher pressure. ‘Therefore, allowing for pipe 
losses, each coalcutting machine would require about 70 to 75 h.p. in 
the motor compressor. ‘This means that the efficiency is something 
like 30 to 40 per cent, compared with the direct use of electricity. 
In other words, assuming that power is taken from tbe surface, it will 
be necessary to provide nearly 100 h.p. for each coalcutter with air- 
compressing machinery, against about 40 h.p. in the engine for opera- 
ting the dynamo. Capitalized, this means, assuming a horse-power 
is worth £5 per annum, that if coal owners are forced, either by the 
action of the miners or by unreasonable restrictions, to put in com- 
pressed air coalcutters an additional annual expenditure of about £250 
per coalcutter operated would have to be incurred. 

In considering an electrical coalcutting scheme where three-phase 
coalcutters are used, I see no reason why electric motors should not 
be wound for a very low pressure, possibly as low as r1o volts, which 
could not cause a dangerous shock. This could readily be done by 
combining small transformers with the gate-end switches, and making 
a portable arrangement which could be moved about as the face 
advances. This would enable comparatively high-tension current to 
be conveyed by small cables near to the working face ; and I think it 
would possibly result in a lower cost of plant all round than if the 
standard voltage of 500 were adopted. 


PuMPING MACHINERY. 


Possibly one of the most important applications of electricity under- 
ground is in connection with pumping, and there are many mines 
to-day where it would be almost commercially impossible to pump by 
any other means. For many years the horizontal three-throw mining 
pump has held its own, and, as regards efficiency there is no doubt that 
this type of pump, particularly for high heads, is much better than the 
centrifugal. 

The high-speed electric motor, however, is eininently adapted for 
coupling to centrifugal pumps, and assuming that the water is reason- 
ably clean and that centrifugal pumps are constructed so that they can 
be readily taken to pieces and all internal parts inexpensively and 
quickly replaced, there is no doubt that, on account of the much lower 
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price at which they can be supplied, and the reasonably good efficiency 
which can be obtained, this pump has justly come greatly to the front. 
Where the volume to be pumped is large and the head moderate there 
is no doubt that the combined efficiency of a pump of this kind is 
ahead of a ram pump. I still have the feeling, however, that centri- 
fugal pumps are being used under conditions where ram pumps could 
be better employed, i.e. when pumping small quantities against high 
heads, and I fully anticipate that the time is not far distant when we 
shall see the fashion change, and the three-throw pump will again 
assume its proper position. 

Electric pumping has a very large field at the coal face, and also for 
the unwatering of districts a long way inbve, and it would be difficult 
to imagine how such work could be done by any other means. Again, 
I am inclined to think that a portable type of three-throw ram pump 
fitted with a motor capable of dealing with almost any likely condition 
of head, and also capable of pumping dirty water and working some- 
times on air, isa type to be preferred to the centrifugal. 


ELECTRIC HAULAGE. 


Enormous strides have been made in the application of electricity 
to haulage purposes. It is no unusual thing to see main and tail and 
main rope haulage gears running up to several hundred horse-power. 
These gears can be placed in the most convenient position for 
economical working underground, as the question of either taking 
steam or compressed air to them has not to be considered. 

There is, no doubt, still a very large field for the introduction of 
small electric haulages, of the endless rope, main rope, and main and tail 
type, for dealing with cross roads and gateways. If any risk of explosion 
exists, compressors can be used inbye, as previously stated ; but in 
many of our pits there is no risk of gas, and under such circumstances 
I am sure that horses can be very largely dispensed with underground 
with very considerable saving. 


OTHER APPLICATIONS. 

It is impossible inan address of this kind to touch upon one-tenth of 
the economical application of electricity ; but it would not be right to 
leave out the question of electric driving of rolling mills. With a 
cheap source of power, such as can be obtained either from blast 
furnaces, coke ovens, or possibly from a power company, there is no 
doubt that by driving electrically many of the rolls, and particularly the 
live roller gear and other auxiliary machinery, very great economies 
can be obtained ; but I have doubts as to the real commercial saving 
in applying electric motors to very heavy reversing mills. 

We are greatly indebted to Mr. Ablett and others for many 
interesting papers on this subject ; but, as I mentioned in connection 
with winding, I have not yet seen any really reliable figures as to the 
saving in the cost of rolling per ton compared with a modern steam 
rolling mill with high-class engines and everything up-to-date. 
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ELECTRIC SMELTING. 


À very large field exists for the refining of steel, and the manufac- 
ture of ferro-alloys, etc., by utilizing cheap electric power in electric 
smelting furnaces. There are two types of furnace on the market at 
the present time, namely, the induction furnace (which was originally 
invented, I believe, by Dr. Ferranti) and the arc furnace. Both 
appear to have advantages. 

The objection to the induction furnace, particularly with high 
frequencies, appears to arise from the washing effect of the molten 
metal on the lining of the furnace, and I understand that no satisfactory 
lining has at present been used to overcome this difficulty. In the 
ordinary arc furnace this objection does not exist. I imagine that as 
conditions vary so greatly there may be a field for both types of 
furnace. 

There is no doubt that by means of electric smelting very high- 
class steels can be manufactured at quite reasonable prices, but I 
question very much whether electricity can be produced in this country 
at a low enough cost to enable a furnace of this class to be used for the 
manufacture of ordinary qualities of steel. 


ELECTRIC RAILWAYS. 


Where electricity can be produced in considerable quantities at a 
low cost there should be no difficulty in competing against the ordinary 
steam locomotive when one considers the enormous number of engines 
which are either standing in their sheds doing nothing, or are possibly 
standing on side lines with steam up and burning coal the whole time. 
The steam consumption also of the modern locomotive, although 
greatly improved by superheating and compounding, is necessarily 
very much higher than with steam turbines or high-class generating 
machinery. 

That electricity will gradually supersede steam for railway work 
there is no question, and I can only hope that if this does occur we 
shall be able to keep the manufacturing of the plant in this country. 


SHIP PROPULSION. 


The propulsion of ships by a combination of steam turbines with 
alternators and motors appears to open up a new field, and one which 
may develop considerably. The difficulty at present when turbines 
alone are used in ships which are required to travel usually at not more 
than half speed, is the high consumption of steam per horse-power. 
By placing analternator on the turbine shaft, and a motor arranged for, 
say, two speeds or more on the propeller shaft, the turbine can always 
be kept up to approximately full speed. 

This method of ship propulsion is extremely attractive ; but one has 
to bear in mind that, where the life and soul of the ship depend upon 
its propelling machinery, anything placed between the actual turbine 
shaft and the propeller shaft must be of the most substantial and 
reliable character. 
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FUTURE DEVELOPMENTS. 


It is impossible with the rapid progress that has been made in 
electrical science to say what may happen in the future. We hear of 
proposals to generate electricity by producing gas in the coal seam 
itself and conveying it to the surface to drive electrical machinery. Is 
it not almost equally possible to imagine that some day we may have 
a wireless system of distribution. It may sound absurd to make this 
suggestion, but one cannot tell what may happen. 

There is one point upon which I should like to touch before con- 
cluding, and that is, the standardization of electrical machinery. Very 
valuable work has been done by the Engineering Standards Committee 
in many directions, and it would be satisfactory to see standard condi- 
tions of contract which have been thoroughly considered not only by 
contractors but by consulting engineers and purchasers. 

I believe that the Institution of Electrical Engineers is agreeing 
upon a form of contract which I hope will be generally adopted. I 
also think that the question of consequential damages in connection 
with the supply of machinery should have very careful consideration. 
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MANCHESTER LOCAL SECTION. 


INAUGURAL ADDRESS OF THE CHAIRMAN, 


ARTHUR A. Day, Member. 
(Address delivered 1st November, 1912.) 


(In the absence of the author, owing to indisposition, the Address was read 
on his behalí by Professor E. W. Marchant.) 


Before reading my Address I should like to thank the members for 
electing me to the honourable position of Chairman of the Manchester 
Local Section, and to express the hope that during my year of office, 
which coincides with greater activity of the Institution under new 
Articles of Association, we shall increase in numbers and importance, 
and that under the new regime we shall experience that renewed 
vitality which the alterations have been designed to effect. 

I do not propose to read a technical paper, but to offer for your 
consideration a few matters which I think might help forward the 
great objects of the Institution of Electrical Engineers. I think it is 
unnecessary for me to apologize for taking this course, seeing that not 
only is the application of electricity to everyday life of vital importance 
to the members of the Institution, but it is also of national importance 
inasmuch as it involves such large issues as— 


I. The abolition of the smoke nuisance in our large towns ; 
2. The conservation of our national supply of fuel ; 
5. The utilization of waste products ; 


and many other problems of a like nature, in all of which it is beyond 
dispute that the supply and application of electricity must take a 
prominent part. The enormous increase in the demand for electrical 
power which has taken place in recent years, both in this country and 
abroad, is only an indication of the proportions to which this branch 
of the industry will attain in the future ; in fact, I think that it is not 
too much to say that a cheap, efficient, and universal supply of 
electricity will be essential to any nation which retains its position 
in the front rank of nations either commercially or politically. 

Ido not wish to underrate the progress which has been made in 
the electrical world for the last thirty years. Itis considerably greater 
than was expected, having regard to the fierce opposition of established 
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rivals. It is with regret, however, that it has to be admitted that 
relatively to other countries our electrical manufacturing industries are 
not as prosperous as they should be, and in making comparisons with 
other large industries such as cotton and iron, one is at once struck 
with the relatively small amount of export business which is done 
in English electrical machinery. This is one of the directions in 
which our Institution, in conjunction, say, with the Government, 
might be able considerably to help the manufacturers. An increased 
share in the foreign trade, together with the increase in the home trade 
which must come, should help them to take up their proper position in 
the industries of the world. 

The first essential to the increased use of electricity is a cheap and 
efficient supply. This we are now in a fair way to attain in our large 
towns and cities ; and a comparison of our own rates of charge with 
those in vogue on the Continent and in America will not show English 
towns and cities at a disadvantage. Notwithstanding this, our increase 
in output is not advancing as it should under such circumstances. 
This is partly due to inertia brought about by established methods, 
and partly to the conservatism of British business men and their 
ignorance of what can be done here and what is being done elsewhere. 
In other words, the main problem is commercial rather than technical. 
It is in this connection that the importance of the change in our 
Articles of Association is shown. It is true that some supply authorities 
have in recent years established publicity departments, and no doubt 
these are doing a useful work as far as they go, but they are too 
parochial and limited in their sphere of operations to attain the object 
aimed at, and in many cases are adopted to overcome a lack of business 
due mostly to too high a tariff of charges. The same amount of effort 
expended on a large scale would, if put forward by a responsible 
authority, have much greater effect and be relatively more economical. 
Although the problem of increasing outputs and encouraging the use 
of electricity is, as previously stated, mainly commercial, under existing 
circumstances it is not entirely so, for the same arguments apply to thc 
technical side of the question, and the increased use of electricity 
involves doing everything on a larger scale from power station to 
publicity. 

Owing to the way in which electricity supply has been developed 
in England there are far too many generating stations ; and to obtain 
the efficiency due to large outputs at good load factors some of these 
will have to be converted, in whole or part, into sub-stations. More- 
over, not only are there too many, but there is too great a variety in the 
type of current supplied, necessitating different classes of apparatus 
for its application. This again prevents the manufacturer from pro- 
ducing in quantity, and so increases the cost of apparatus; moreover, 
it so confuses the ordinary man in the street, who is naturally suspicious 
of something he does not understand, that he decides to leave it alone 
until somebody else has tried it. Simplicity is undoubtedly a large 
commercial asset, and the fact that the simplicity of electricity supply 
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is not now understood by the business man, is a handicap that must be 
overcome. 

One has only to took at the history of our railways to see the large 
amount of money that was thrown away in consequence of the differ- 
ence of gauge, which had to be converted to one standard ; and before 
it was so converted the loss through want of interconnection must have 
been incalculable. . Even at the present time in connection with tram- 
ways the same want of uniformity in essentials is seen, and certain 
towns, between which intercommunication is of vital importance, 
cannot have through tramway communication in consequence of 
different gauges. In electric tramway systems, in England at any rate, 
a greater uniformity of plant and systems exists than might very easily 
have been the case, for reasons into which there is no necessity to go ; 
but Iam afraid it cannot be attributed to deliberate design or foresight. 
If this had not been the case it is easy to realize the hindrance 
which would have been felt if a uniform voltage on trolley wires 
had not been adopted. The electrification of our railways is 
bound to come in the near future, and with the example of the steam 
railways and tramways before us, is it not of the utmost importance 
that some effort should be made to ensure uniformity, if not in detail, 
in main essentials? The same argument applies to electricity supply 
for general purposes, only with even greater weight, in my opinion. 
It is quite true that it is an easy matter to convert electrical energy 
from one form to another, but each such transformation necessitates 
capital expenditure and a loss which, if small, is continuous. Moreover, 
if electricity is to be universally adopted it must be supplied at the 
lowest possible price; every unnecessary loss is a handicap to the 
attainment of the object which we all have at heart, and which, 
therefore, should be one of the principal objects for which our 
Institution exists. 

It may be contended that any system of uniformity would tend to 
discourage invention and enterprise. I cannot myself see that this 
would be so ; but even if there were a slight tendency in this direction, 
the enormous gains would more than compensate. 

A careful perusal of the ideal system of generation suggested by Dr. 
5. 2. de Ferranti in his Presidental Address * to the Institution in 1910 
will, I think, suggest that the enormous saving of 9o million tons per year 
in our national asset, coal, is alone sufficient to justify our aiming at 
such an ideal and at once taking steps, as far as is possible, to work 
towards it. We may not be able to attain to it, but it clearly points 
out the way we should go. 

Even in smaller matters very large economies areto be obtained by 
uniformity. I think it was Mr. S. J. Watson, in his Address { to this 
Section in 1909, who pointed out that a capital saving of £500,000 could 
be obtained by interconnecting the electric supply networks of the 
towns just round Manchester. 


е Fournal of the Institulion of Electrical Engineers, vol. 46, p. 9, 1911. 
f Ibid., vol. 46, p. 102, 1910. 
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It may be considered by some, perhaps, as rather late in the dav 
to bring forward any suggestion such as I am now making ; but I do 
not think that this need be taken into consideration. Our supply 
stations and networks are going to be in the future infinitely larger 
than they are to-day, and if extensions when made were controlled 
by certain general considerations, and plant when replaced were 
similarly dealt with, we should soon see a great difference and a greater 
tendency to uniformity. Moreover, it would not be necessary, or even 
desirable, perhaps, to aim at uniformity of the whole country on one 
system, as matters have progressed in a different direction as regards 
systems in some districts as compared with others, and the system 
most in use in any given area would, I suppose, be generally accepted 
as the system for that district. | 

It may be contended that in bringing these suggestions to your 
notice I am but pointing out the obvious; but the very obviousness 
of some of the points raised is, I think, my justification if nothing or 
very little has been done to put into practice what is really only common 
sense. If it is conceded that these things are desirable, viz. :— 


1. Large generating stations with large units, etc., in the interests 
of low cost of production ; 

2. Co-operation between existing systems of supply with a view 
to economizing in the cost of station plant, and also in the cost 
of distribution ; 

3. Uniformity of systems of supply as far as practicable and at any 
rate in adjoining districts in the interest mainly of the manu- 
facturer, but incidentally also of the consumer, by reason of 
the reduced cost of apparatus ; 


Is it not within the scope of the Institution to do anything towards 
attaining these objects eventually, and moving in that direction now ? 
I believe it is. 

I would suggest that committees be formed of members of the 
Institution representing each interest involved, viz. : supply authorities, 
manufacturers, contractors, and the commercial community. They 
would obtain all information necessary for a thorough consideration 
of the question in the area they are appointed to inquire into, and 
would recommend the lines on which existing supply authorities should 
extend, and so on to a main committee consisting of delegates from 
the sectional committees who would consider and revise the whole 
of the recommendations, if necessary. Having through these com- 
mittees obtained the lines on which progress should be made, the 
Institution could approach the Government of the day; and seeing 
that the movement would be in the interests of all concerned, and also 
in the interests of national economy and system instead of chaos, I see 
no reason why the said committee should not be allowed to co-operate 
with the Board of Trade and the Local Government Board. As these 
Government Departments are important factors in the starting or 
extending of any supply undertaking, and are taking more interest in 
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the question every day, they would be able to influence considerably 
the type of supply started or extended. 

It is, of course, impossible in an address to give anything more 
than a mere outline of the lines that should be taken, and no doubt 
a certain amount of diplomacy would be required in bringing matters 
to a successful issue ; but if the public and the Government clearly 
understood the importance of the matter nationally, and the way in 
which it would simplify matters for the Government as well as the 
public, I feel that at any rate it would have a measure of success. I 
want it to be clearly understood that the whole process would be 
gradual, and would be intended to prevent the extension of the present 
want of uniformity and cohesion between systems rather than the 
enforcement of any particular system. 

The Institution of Electrical Engineers, representing the best 
thought, knowledge, and experience in electrical matters, should have 
a voice and influence in Government policy with regard to the electrical 
industry and when legislation is being put through Parliament. In 
such matters, for instance, as the Regulations for the Use of Electricity 
in Mines, the real facts should be put before the Government by some 
responsible body properly qualified to give an opinion, and so prevent 
absurd regulations being sanctioned by Parliament simply on party 
lines or as the result of panic. 

It is essential, I think, that our Institution should be recognized 
more by the Government and Government Departments, and taken 
more into their confidence. First, because in an industry so highly 
technical and involving not only business but scientific questions, it 
is not to be expected that the ordinary Member of Parliament will 
have the necessary information to form a wise opinion unless he has 
the assistance of those qualified by business and scientific training to 
give advice ; and, secondly, because without the assistance—even the 
sympathetic assistance—of the Government it would be practically 
impossible to carry out such a scheme as that suggested by Dr. 
Ferranti. To take one item only, that of wayleaves, those who have 
had experience in the matter of obtaining wayleaves for electric 
transmission lines will realize that before such a scheme could be 
carried out it would be necessary to have compulsory powers for 
obtaining wayleaves, and I see no reason why they should not be 
granted. In the case of other interests, such as railways and canals, 
which are more or less of national importance, it is recognized that 
private interests must, under proper regulations, take a secondary 
place; the same principle ought to be recognized where energy is 
transmitted instead of goods and passengers. In many other ways a 
very little consideration will make it quite obvious that, where a scheme 
is national in its aims, if it is to succeed it must have, and certainly 
is justly entitled to, the help and assistance of the National Executive 
or Parliament. 

Recently the Dominion of Canada has appointed a Hydro-Electric 
Power Commission of Canada. Although this Commission has very 
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much larger powers than I suggest, it is a recognition by the Canadian 
Government that it is necessary to have an overriding authority to 
control and systematize the use of the natural sources of power in the 
country. If this is necessary where the power resources are mainly 
water, and consequently cverlasting, how much more is such a system 
of control necessary when the main source of power is a gradually 
diminishing quantity, as is the case with our coal. 

The gradual but steady change-over of private sources of power 
supply to the electric supply authorities in our towns and cities fore- 
shadows the time when these will be dependent for the supply of 
power for all purposes, as well as for light, upon large power houses 
either within or without their borders. Having in view what has 
taken place jn our own country this last year, it seems likely that such 
power houses will have to be built on lines which will enable them to 
withstand a long siege. The number of employees in such a station 
would be relatively small ; but, nevertheless, the plant should be made 
as nearly automatic as possible, with provision for a large reserve 
supply of coal, for the failure of the source of power, light and heat 
would be little less disastrous than the stoppage of the water 
supply. 

Those who have had the responsibility of maintaining the continuity 
of electricity supply during the past twelve months or so, even where 
this has been on a comparatively small scale, have, I think, had 
brought home to them more forcibly than ever before the importance 
of electric supply to the community. How much more important will 
it become in the case of the larger schemes foreshadowed ? It will 
indeed be a matter of national concern. Not only is this the case, 
but the public seemed to realize the position during the coal strike, and 
they now realize that, if the supply authorities had shut down, the 
results would have been even more disastrous than they were. The 
Government also seemed to realize the seriousness of the position, 
judging by the anxious inquiries which they made during the strike as 
to how long the public supply was able to last. It seems, therefore, 
a proper time to put forward a plea for a greater amount of co-opera- 
tion with the Government. The danger is that the cause of anxiety 
having for the time being more or less ceased the matter should be 
shelved, and the obvious lessons to be derived from the strike lost 
sight of. 

The fact that employees in electric power stations are not under 
the same obligation to continue at work in periods of public danger or 
crises as in the case of the employees of gas works and of water 
companies, is a proof that the importance of electricity supply to the 
community has not been properly recognized. I think it is our obvious 
duty to get this remedied at once. 

From these considerations it is, to my mind, evident that to arrive 
at a scheme of electricity supply such as that indicated by our President 
in the Address above mentioned, it is necessary that such a scheme 
should be carried on in conjunction with the Government. I do not 
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mean it should be in the hands of the Government ; but, inasmuch as 
the objects would be national and the advantages national, to get the 
full benefit of the adoption of such a scheme the Government must 
be consulted, and it would have to be worked in conjunction with 
them. i 

The insularity of the British Isles has advantages ; but it also has its 
disadvantages, one of the latter being that with our present system 
of agriculture we are not self-supporting in the matter of foodstuffs. 
This at any time may be a matter of the most serious national import- 
ance. It should, therefore, be a national matter to encourage any 
system of intensive culture of land which would tend to lessen our 
dependence on foreign food. We all know that electricity can be 
used in this direction. Is it too much to ask the Government for 
a grant and to help generally to start this system on a large basis, 
seeing the national importance that the food supply may become 
at any time? A larger production of the national food supply at home 
is certainly a national matter, and would enable a larger proportion of 
our fleet in time of war to be used in direct hostilities, instead of having 
to be employed in keeping our trade routes open. 

A comparatively small sum would effectually prove the profitable 
nature of intensive culture to the farmer, who would then adopt such 
culture from commercial motives ; and if not, it would be the Govern- 
ment's business to see that it was done. The Dominion of Canada, 

recognizing that the proper cultivation of land is of national importance, 
are open—and especially lay themselves out—to help intending settlers 
on the land with advice, analysis of soils and suitable seeds, etc., and, 
moreover, give prizes for the best results. It is true the objects 
would be somewhat different in our own case, but they are equally 
important, and it would be stimulating the use of one, if not the most 
important, of our national assets. Is it not possible for our Institution, 
in conjunction with the Government, to do something in this direction ? 

Not only could electricity, from a nationally controlled scheme, be 
used directly in the interests of agriculture, but by its use in the 
chemical production of artificial fertilizer by the fixing of the nitrogen of 
the atmosphere, or by its use in chemical processes generally, as in the 
manufacture of electrolytic bleaching powder, or for the production of 
disinfectant, or the sterilization of water, and generally by its use 
in processes which would be continuous but which could be tempo- 
rarily interrupted if necessary, a load factor hitherto undreamt of 
could be obtained for that scheme. The results as regards the cost 
of production would be of the utmost importance nationally, and, 
besides saving our national asset coal, would probably lead to the 
introduction of other industries which, without such a scheme, could 
never be started. 

It is not necessary for me to point out to you more examples of the 
way in which electricity could be of use nationally. It enters into every 
phase of the life of the people at the present. It becomes more a 
necessity of our lives every day ; but I feel that the best use is not 


48 DAY: ADDRESS AS CHAIRMAN (1st Nov., 


being made of its many applications already known, to say nothing of 
those which might Ье revealed by a larger amount of research work 
carried out by our best scientifically trained men. Further, so far 
as its universal supply is concerned, there is not that coherence and 
singleness of aim which is necessary to obtain the best results. I 
do not plead for Government ownership ; I do not believe that that 
would be beneficial, but I do think we should have more recognition 
and help from the Government, seeing that the application of electricity 
is so vital to public interests and touches national interests at so many 
points. I also think and hope that with our new Articles of Association 
much more will be able to be done in the direction of influencing the 
Government to give to the science of the application of electricity 
to modern needs in every direction more consideration and encourage- 
ment. If the efforts which may be made in this direction are not 
altogether successful in a positive sense, they will, at least, be so in 
a negative one, and prevent us from being hedged round with so 
many unnecessary regulations and restrictions that our national 
growth is impeded. 

Those who remember the earlier legislation with regard to elec- 
tricity supply will realize that we have suffered from un wise legislation ; 
and this is still the case to a certain extent. It is only by the Institu- 
tion, representing those who know the true facts, making themselves 
felt in all cases of Government interference, legitimate or otherwise, in 
matters which concern the supply and application of electricity, that 
this can be prevented. 

The advantages to be derived from original research are not, I am 
afraid, appreciated in England as they should be. Successful research 
in any department practically means being first in the field with the 
application of science in any particular direction ; and to be first in 
the field with any new invention or discovery of importance is of the 
utmost value, and, moreover, means very often retaining control of that 
branch of the industry, with very desirable results in a commercial 
sense. This is often brought very prominently before us ; one recent 
instance being that of metallic filament lamps. 

In all cases where the prosperity and scope of the industry 
concerned justify it, original research pays if properly carried 
out. Unfortunately, English electrical manufacturers are in many 
cases not sufficiently prosperous to enable them to consider 
the question properly. Undoubtedly great advantages would accrue 
from a larger recognition of the value of original research in 
connection with the electrical industry. I feel it will therefore 
interest you to know that the Institution of Electrical Engineers is 
taking this matter up seriously, and that this Section is taking a 
prominent part in it. I am sure there is room in England for some 
large industries such as have been established on the Continent and 
elsewhere as the outcome of original research. 

If one looks at electrical progress in a large way and considers 
what is being done the world over, one cannot escape the feeling that 
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wein England are not getting the share which we have been accus- 
tomed to get in the large industries of the world. Our steam railways 
have led the world; but in electrical railways we hear of projects in 
America and on the Continent, and even in quite new foreign countries, 
which quite overshadow what we can show in England. Again, in 
metallurgical work we have been accustomed to consider ourselves, and 
justly so, in the front rank; but we hear of the application of electricity 
to this branch of manufacture being carried out on most extensive 
lines, something far more than we can show. The same remarks apply 
to other industries to which electricity is being applied, and I want it 
to be understood that we, the Institution of Electrical Engineers, 
representing the profession and industry of electrical engineering in 
England, have a responsibility in this matter that we dare not shirk ; 
and that whatever there is that we can do must be done to keep the 
electrical industry in England in the front rank of the industries of 
the world. 


DUBLIN LOCAL SECTION. 


INAUGURAL ADDRESS OF THE CHAIRMAN. 


Owing to the unfortunate accident at the Bray Electricity Works on 
toth July, 1912, in which Mr. W. J. U. Sowter, Chairman of the Dublin 
Local Section, was seriously injured, the Inaugural Address to this 
Local Section for the Session 1912-13 was not delivered. 


VoL. 60. 4 


50 SCHOFIELD: ADDRESS AS CHAIRMAN [6th Nov., 


YORKSHIRE LOCAL SECTION. 


INAUGURAL ADDRESS OF THE CHAIRMAN, 


S D. SCHOFIELD, Member. 


(Address delivered 6th November, 1912.) 


To-night I propose to ask you to consider a few points in 
connection with electricity supply, in which branch of electrical 
engineering I have been engaged for about twelve years. 

One lesson to be derived from the coal strike in the early part 
of this year is that it is incumbent upon all supply authorities to 
hold very large stocks of coal, and I consider that a six months reserve 
stock is by no means excessive. Ordinarily, owing perhaps to the 
very excellent engineering work done for our large textile and 
other factories, the running and maintenance of the power plant 
receives but scant attention, and it is only at exceptional times that 
the average factory owner realizes how dependent he is upon his 
engineer. 

It is becoming a common practice for large works and factories 
to fall back on electricity supply undertakings when they find 
themselves unable to obtain coal for steam raising, and when break- 
downs occur, and temporary consumers thus secured often become 
permanent, and turn out quite profitable. This makes it necessary 
to hold larger stocks of fuel than were formerly required. In provid- 
ing for these contingencies it might, at some stations, under certain 
conditions, be sound policy to supplement a coal reserve by storing 
low-grade oils. This may be done by using’ obsolete Lancashire 
boilers as storage tanks, fixing them in such positions as will allow 
the oil to gravitate to the front of the furnaces. 

At our annual dinner in February, 1910, Dr. Kapp remarked upon 
the tremendous developments that were taking place in the electrical 
driving of textile factories. The outcome of his remarks was the 
appointment of a committee to enquire into this subject, and to 
tabulate all the available information. It is of course important to 
know the methods which have been found most successful from an 
engineering, manufacturing and financial standpoint, both in this 
and other countries. The Textile Institute were invited to join the 
enquiry, as it was felt that it would widen the scope of the investi- 
gations if the active co-operation of the textile industry could be 
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secured. While this subject is of interest to electrical enginecrs, it 
is of no less interest to the captains of industry in the textile world. 
The Textile Institute, however, after several joint meetings had been 
held, intimated that they preferred to continue their investigations 
independently. Provided the work is done, and done thoroughly, it 
is not very material who does it; but it appears to me that since Dr. 
Kapp first stimulated enquiry upon this subject, manufacturers have 
found where their interest lies, and are adopting electric driving as 
quickly as it can be installed. 

One of the main things to be considered in the future is the 
fixing of standard pressures and periodicities. Engineers interested 
in the manufacture of motors or incandescent lamps well know what 
a boon this would be to them. The day of small supply stations is 
passing away, and if electrical energy is to be universally adopted 
for industrial purposes, at prices which will be profitable alike to 
the producer and consumer, it can only be done when generating 
with large units at stations where fuel can be obtained easily and 
cheaply, and where an abundant supply of water for condensing 
purposes is available. Generating stations which were put down 
to supply direct-current, and which for economic reasons were 
necessarily in the centre of a given area, will be dismantled and 
utilized as sub-stations, taking current in bulk from a large central 
station. he question as to whether these large stations will be 
controlled by companies, or by groups of local authorities, will settle 
itself in the future. | 

The jealousy so often existing between local authorities may be 
a stumbling block in the way of group control. In past years this 
jealousy has often acted to the disadvantage of the community. 
Some years ago, a local tramway department operating a service of 
Cars in its own town, and also, under a lease, operating a through 
service to an adjoining town, purchased current from the supply 
station in each town. One winter, owing to one of the stations 
being overloaded, the service of cars in that particular district had 
to be curtailed during the peak load. The other station, which had 
plenty of spare plant, offered to supply extra current which would 
have kept a full service of cars running in the adjoining district 
until the station in that town could again take on its full load. 
The tramway manager would gladly have availed himself of this offer, 
but the “Town Clerk’s department” pointed out that there were 
legal difficulties in the way, with the result that the public suffered 
through a restricted car service. If this spirit entered into the policy 
of a group of local authorities controlling a large electricity supply 
undertaking, it would militate against its success. 

The practice of taking large sums of money from the profits of 
trading departments is very dangerous. Let the prices in each 
trading department be adjusted to leave a fair margin over production 
or operating costs, as the case may be. If any sum has been taken 
from the rates in support of an undertaking in its early days, by 
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all means return such sum back to the rate fund. After providing 
for interest and sinking fund charges, repairs, maintenance of plant, 
etc., provide a fund for replacing obsolete or un-economical plant 
by more efficient units. Create and maintain a reasonable reserve 
fund, but not too large, as it offers too big a temptation to local 
chancellors of the exchequer, who naturally wish to keep the rates 
as low as possible. When all this is done, such short-life apparatus 
as meters, services, street lighting equipment, motors and switchgear, 
cooking stoves, etc., should be paid for out of revenue. In my 
judgment any undertaking which did that could be considered 
on a sound financial footing, and if there was still a large balance 
left it would be high time that a “Consumers’ Protection Society” 
was formed. 

At no time in the history of electrical engineering was there 
such marked activity in all its branches as there is to-day. The 
advantages of electricity for heating and cooking are now being 
realized, and if this new demand is properly developed it will mean 
not only increased quantity of apparatus in use, but also new and 
heavier mains, and additional generating units. 

One result of ihe very .excellent plant now provided for 
electricity generation and distribution is a tendency on the part of 
engineers to become stereotyped in their methods, and in too many 
cases to refuse new business because it does not fall in with “red 
tape" conditions. I remember some years ago when a traction 
undertaking was ready for running the first trial car, the supply 
station—owing to delay in the completion of contracts—was with- 
out traction switchboard, or switches, fuses, ammeter, voltmeter, 
watt-hour meter, circuit-breaker, etc. The engineer, recognizing that 
the success of an undertaking often depends on first impressions, 
fixed up a temporary switchboard equipped with two single- 
pole switches and fuses, made temporary connections, and when 
all was ready switched the battery on the line without voltmeter, 
ammeter, or circuit-breaker. Before the regular service of cars was 
commenced the proper equipment was ready for use. 

In another case, textile machinery had been installed in a new 
factory, and the owner was anxious to start running, but was unable 
to do so because of the delay in delivering the engines and boilers. 
An agreement was made to take 40 to 5o h.p. from the electric 
mains for a few months; but before r2 months had elapsed the 
demand was for 200 h.p., and the factory owner, recognizing the 
advantages of an electric drive for textile work, has now decided to 
couple a generator to his engine, and convert the whole of his 
power transmission to electric driving. During the peak loads at 
the supply station, whilst this particular load was on, lead-covered 
paper-insulated cables were run at a current density of 2700 
amperes to the square inch. The pressure drop was 100 volts on a 
560-volt pressure; and the difficulty was overcome by running this 
particular feeder on a separate generator during factory hours, 
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quite apart from the remainder of the supply, using the three- 
wire balancer for the ordinary area, and balancing the special 
supply by means of the battery, connecting the two ends and the 
middie point of the battery to the positive, negative, and neutral 
busbars. In many other instances throughout the country, additional 
consumers have often been obtained by the readiness of supply 
authorities and companies to step in and supply electrical energy 
at short notice, when the ordinary power units (steam or gas) 
have broken down. Apart from the particular advantage to the 
firm in difficulties, these cases are striking advertisements of the 
manifold advantages of electric driving, and of the ease with which 
electrical energy can be obtained in emergencies. 

I mention these cases merely to emphasize the point that supply 
engineers should always be open for business if there is a margin 
on the right side in it, even if it compels them temporarily to 
overload plant and mains. In these days of first-class plant and 
standardization there is a tendency to practise caution until it ceases 
to be a virtue. Procure the best machinery available for the particular 
purpose for which it is required ; have it well cared for, remembering 
the golden rule “ A stitch in time saves nine,” and when the emergency 
does come, and the unexpected happens, this can easily mean the 
difference between “а very busy time" and a complete “shut-down.” 
The human element is also an important factor in securing continuity of 
supply. To obtain the best results, diverse methods are necessary 
with different men. Discourage favouritism, and encourage ability. 
If a man is competent and reliable, give him a certain amount of 
responsibility and latitude. Make his position comfortable, and 
encourage him to think about his work. The average man will value 
his position all the more, and in an emergency will respond for all he 
is worth to get this machine ready, or that joint made, or the other 
motor fixed, or keep steam up, etc, as the case may be. Maore- 
over, an appreciable amount of a chief's time in superintendence is 
saved, and the work goes on as well and as quickly when the foreman's 
back is turned, as when he is watching. It is a good thing for a junior 
to obtain a reputation as one who can be relied upon. There is no 
easy way to obtain it. It can only be acquired by hard work 
every day. Study your own work until no one else can do it 
better and very few as well. Then study the work of the next man 
above you until you can do better than he. It is surprising how much 
easier the work will be to you when he gets a lift and you step into 
his shoes. Don't think that 100 per cent efficiency in your work one 
week, and 50 per cent efficiency the following week, is as good as 
two weeks at 75 per cent efficiency each week. 

These are a few reflections after a long experience of electrical 
supply. Although I am now leaving it, and taking up an appointment 
of an entirely different kind, I can conscientiously say that I know no 
branch of engineering which is more varied and interesting, or which 
gives such a practical all-round training to the embryo engineer. 
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SCOTTISH LOCAL SECTION. 


INAUGURAL ADDRESS OF THE CHAIRMAN, 


WM. MCWHIRTER, Member. 


(Address delivered 12th November, 1912.) 


Not only do we begin this meeting under a practically new consti- 
tution, but we must look upon this year as inaugurating a new era 
for our Institution. Our Section had the honour of receiving the first 
visit of the parent body from London, and I am sure that I voice the 
feeling of all the members of the Section when I say that we rejoice 
at the successful manner in which the Summer Meeting was carried 
through. No doubt some of the arrangements made by your Com- 
mittee might, and would be, improved upon at any future meeting ; 
but, when it is considered that we were entirely without precedent to 
guide us, it is pleasing to know that the plans of your Committee were 
carried through without any serious hitch. The Section is under a 
debt of gratitude to the Lord Provost and Corporation of Glasgow, the 
University of Glasgow, and the Royal Technical College, for the 
generous assistance given us. We are also deeply indebted to the 
various firms who threw open their works for the Institution and enter- 
tained the members. To the foregoing might I add that we are 
grateful to the committee of ladies who gave us so much assistance ; 
and last, but certainly not least, to our Honorary Secretary, Mr. Jas. E. 
Sayers, for his untiring work planning and preparing, and for his never- 
failing courtesy. 

The difficulty of determining the subject matter of anaddress becomes 
yearly more and more pronounced ; but the long connection I have 
had with the Institution, extending to nearly forty years, invites me to 
glance backwards in the hope that this may be useful and may 
enable us to compare past with present practice and progress. 

The nineteenth century was certainly a time of wonderful discovery 
and invention, and no department of science made greater progress 
than that of electricity and its twin fellow, magnetism. During the 
eighteenth century we had the discoveries of Galvani and Volta, 
followed by the work of Davy, and extended by the researches of 
Faraday, who, finding the science of electricity only a mass of experi- 
mental records and vague theories, devoted practically his life to inves- 
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tigation and elucidation of the little that was known about electricity 
when he entered the Royal Institution in 1813. The first period of his 
work there was mostly occupied with chemical investigation, and his 
opinion as an expert was much sought after. In 1830 his fees for such 
work exceeded £1000; but, fortunately for the world at large, he then 
decided to give up such professional work entirely and devote himself 
to original research. 

From that time on he made the most wonderful series of discoveries 
almost continuously and without intermission until about 1860. In 
1831 he discovered magneto-electric currents, or, as he called it, the 
“Evolution of Electricity from Magnetism.” He thus established the 
correlation of electricity and magnetism that was suggested by Oersted 
eleven years before, a discovery which was to culminate in the con- 
struction of the many forms of dynamo and motor that now exist. 

It is not my intention to say more about the work of Faraday ; he 
ought, however, to be remembered as a worker we should all attempt 
to emulate. He commenced his work with none of the advantages 
that are open to the present-day student, and we can never sufficiently 
appreciate what he did for those who have succeeded him. I would 
advisc every one of our young men to read carefully his “ Experimental 
Researches.” These volumes are the most complete record of electrical 
progress during the first half of the last century, and a model of how 
research ought to be carried out. 

The period immediately following the active work of Faraday was 
mostly taken up with the perfection of telegraphy, both land and sub- 
marine ; and here the outstanding genius of our first chairman, Lord 
Kelvin, enabled him to cover practically the whole field. Meanwhile 
the generation of electricity by means of magneto-electric induction 
had not been neglected, and a number of inventors were busily engaged 
upon the production of apparatus for this purpose. 

There was, however, no rapid progress, largely, I believe, owing to 
the fact that no system of measurement in electrical units had as yet 
been devised, and, so far, everything was qualitative. In my opinion 
the ability to carry out exact electrical measurements did more for 
the advancement of the clectrical industry than any other factor, and 
we should not forget that we are indebted for the splendid system of 
electrical units now at our command to the action taken by the 
British Association, who, in 1861, appointed a committee to determine 
what form and dimensions those units should have. In 1865 the first 
British Association units of resistance were issued ; and in 1873 the 
name “ohm " was adopted for this unit. 

Although the British Association intended that copies of the unit 
should be available at a reasonable price to all who applied for them, 
yet, curiously enough, no machinery was set up to prepare these, and 
it was only in 1876 that the author was able to obtain a copy made 
from one of these ohm standards. From this the ohm now shown 
was made by me and certified by Mr. Charles Hockin, who had 
prepared the units issued by the British Association, and had been 
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responsible along with Dr. Matthiessen for most of the research work 
carried out by the British Association Committee. 

This coil has again been verified at the National Physical Laboratory 
(1903), and it appears that the value has fallen by about ygy,th in 
twenty-six years. 

At this time, measuring instruments of any kind were practically 
unknown, or were only then coming into use in the Postal Telegraph 
Department and by railway companies. Generally there were no means 
whatever of locating a fault on telegraph lines, and the reports of 
faults to the linemen consisted in the intimation that a contact or 
"earth" existed upon certain lines, between test boxes probably 
50 miles apart. 

For the measurement of currents no instruments existed, and all 
such attempts were merely guesswork. So long as batteries, instruments 
and lines were of high resistance it was possible to form some idea of 
the battery condition by using an ordinary detector galvanometer ; but 
when railway-train signalling requiring the use of considerable currents 
was introduced, then the resistance of the instruments and circuits was 
kept low, and proper testing (owing to the lack of some instrument 
measuring in units) was wanted very badly. 

My first attempt to remedy this was by the introduction of a 
galvanometer graduated into units called “ chemics." This unit was 
based upon the well-known law that in electrolysis a known current 
would always liberate a definite weight of metal from any metallic 
solution, the amount of course varying with the metal used. The 
“chemic” as a unit of current was proposed by the late Mr. J. T. 
Sprague, of Birmingham, and the unit was such that in ten hours it 
would liberate г grain weight of hydrogen. Galvanometers so 
graduated were largely used by electroplaters, and many were 
graduated to show the value of the deposit in electrolytic baths in 
grains or ounces per hour. 

The instrument introduced by me was divided in the usual way to 
read to tenths of the unit of current, but the telegraph inspectors and 
linemen had great difficulty in recording the reading correctly. This 
was overcome by using an extra scale, divided up and marked with the 
words, “ Very Good," “Good,” “ Fair," “ Requires Attention," and 
“ Bad." The galvanometer was wound to тоо ohms resistance so as to 
represent an average circuit including the instruments, line, earth, etc., 
and when applied to the battery terminals at once showed the condition 
of same. This rough arrangement was very successful and reduced 
faults by nearly 9o per cent. 

For testing the insulation of telegraph lines which had to be 
checked daily, the Post Office had introduced a form of tangent 
galvanometer with shunts, etc. This instrument was not suited to give 
quick and reliable work, so we introduced a form of galvanometer 
which was graduated to read in volts, webers and ohms. It also was 
made by Mr. Sprague to our specification, and proved to be a most 
useful instrument for general tests. The principle of it is very simple. 
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It depends for resistance measurements upon the use of a Daniell cell. 
This was easily set up, and the E.M.F. of the cell could always be 
depended upon within limits, and could be checked by using any 
known resistance. | 

About 1878 electric lighting was coming to the front, but still very 
little progress had been made towards supplying instruments measuring 
in volts or amperes. In fact, if you refer to works on electric lighting 
about this date, you will find that neither the pressure nor current is 
given in units. 

The Paris Electrical Exhibition of 1881 gave a great impetus to 
electrical matters generally, and there were several instruments shown 
measuring pressure and current; but in all cases these had scales 
divided in degrees, and the values in volts or amperes were found by 
multiplying the deflection by a constant, or in other cases the square 
root of the reading had to be found and multiplied by a constant. 
Shortly afterwards instruments were produced which were direct- 
reading; and now we have instruments which have reduced 
measurements of all kinds to the simplest matter of observation. 

The manufacture of electrical machinery has, in my opinion, made 
the most wonderful strides largely due to the increase of knowledge 
arising from the ease and accuracy with which electrical measurements 
can now be made. 

In 1875 a Gramme dynamo for lighthouse work was shown in 
Glasgow. Speaking from memory, I should say it was about 5 ft. in 
length, 30 in. wide and 18 in. in height. It must have weighed not less 
than 40 cwt., the output would not exceed 6 kw., and the cost, if I 
remember rightly, was not less than £200. At the present time a 
dynamo of this weight might easily give 60 units, and the price would 
certainly not be more than one half. 

Until 1886 the design and construction of dynamos was wholly a 
matter of trial and error, and so long as any well-known and proved 
design was followed fairly good and concordant results were obtained ; 
but attempts to depart from any successful design by increasing the 
size often ended disastrously. For example, hundreds of what were 
known as the “A” Gramme dynamo had been made and were in 
regular and successful use, but when a larger machine was called for, 
and the "B" Gramme was designed and made, it was a complete 
failure. The wear and tear on commutator and brushes alone cost not 
less than 105. per week. It had only one good point, and that was it 
lit up the dynamo room most effectively by means of the sparking at 
the brushes ! | 

The Burgin dynamo, introduced into Britain by Mr. (now Colonel) 
R. E. Crompton, about 1881, did much to increase the use of electric 
lighting ; but here the improvement was mostly mechanical, the machine 
being very imperfect electrically, or, should I say, magnetically. 

As an example, about 1886 my firm designed and made a new 
armature with a slotted core and plain drum winding, which, used in 

a Burgin field, increased the output from 200 volts, 18 amperes, at 
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1800 revs. per minute to 250 volts, 20 amperes, at 960 revs. per minute. 
The efficiency of the dynamo with the old armature was about 
65 per cent; whereas with the new armature it was about 8o per cent, 
and the wear and tear on commutator and brushes was practically nil. 
Looking back, I often think of the audacity with which the electrical 
engineer of these early days undertook all manner of work and gener- 
ally carried it through with a fair measure of success. 

In 1886 the splendid work carried out independently by the late 
Dr. John Hopkinson and Mr. (now Dr.) Gisbert Kapp cleared away 
all the darkness which had hitherto enveloped dynamo design, and the 
mystery of the magnetic field was fully explained. It then became 
possible, using the most elementary mathematics, to pre-determine the 
output of any dynamo, or to design a dynamo for any output within a 
very small percentage of error. 

The use of carbon brushes, first suggested by Professor Forbes, 
was a wonderful step towards perfecting dynamo-electric machinery, 
and made designs possible which had hitherto been quite beyond our 
hopes. 

After all, we are only now touching the fringe of the work which 
is before our Institution; we are only now coming into our own. 
The splendid work and researches carried out during the last century 
by Faraday, Maxwell, Kelvin, Hopkinson and a host of others, have 
raised our profession to an exact science and have given electrical 
engineering an importance which could not have been foreseen thirty 
years ago. What enormous growth has taken place since Faraday, in 
1831, announced his discovery of the evolution of electricity from 
magnetism—the discovery which had been constantly before him since 
1822, when he wrote in his note book “Convert Magnetism into 
Electricity” ! Thirty years were to elapse before Faraday's work was 
carried forward, and then we had Pacinotti, Gramme, Wheatstone, 
Siemens and many others, all placing Faradays work upon a 
commercial basis. But what a revolution has taken place since 
then ! 

Electricity, the handmaiden which had only given us telegraphy 
and electric bells in 1870, is now going ahead with giant strides. We 
have it doing work then undreamt of; driving our railway trains, 
tramcars, workshops and factories, winning for us the treasures of the 
mine, smelting our ores, and lighting our towns and cities: and who 
can say what achievements this century may witness ? 

The question each one of us ought to put to himself is—Are we 
taking full advantage of our opportunities ; are we looking well ahead 
and preparing for future advances of electrical engineering? These 
advances must be very great, and I have no doubt the next decade will 
show rapid progress. 

The consideration of new sites for power stations requires the 
utmost care, and it may be found expedient to locate these right on our 
coalfields, provided condensing water is also available in abundance. 
It would certainly be cheaper to transmit electricity than carry coal 
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to the power station, and vast stores of coal might easily be accumu- 
lated at moderate cost. 

It is still fresh in our minds that early this year the coal strike 
brought us face to face with one of the greatest industrial upheavals 
which the nation has ever experienced, and during the time the strike 
lasted it is very much to the credit of the engineers in charge of our 
supply stations that they were able, not only to maintain their usual 
service, but in many cases to give additional supplies to manufacturers 
and others. Thus they prevented the throwing out of employment 
of many thousands of workmen at a time when each addition to the 
ranks of the unemployed meant an increased danger to the public 
weal. No one before the strike would have believed it possible that 
an industrial stoppage of such magnitude could have taken place 
without much greater disaster than actually occurred. We ought, 
however, to profit by the lessons we then received, and now some 
means should be considered whereby fuel can be stored up in such 
quantities as to enable us to deal confidently with sucha crisis. Better 
far if means could be found and matters so arranged between capital 
and labour as to avoid such brutal methods of settling industrial 
differences. In addition to all the suffering endured, the money spent 
and lost by the miners and mine owners must have been enormous ; 
to say nothing of the dislocation of transit and travelling which had to 
be paid for heavily. Surely, in this enlightened age, it is not beyond 
the power of our statesmen and leaders of capital and labour to devise 
means which would prevent a repetition of any such disaster. 

We have on several occasions been warned recently of the slow 
but sure exhaustion of our coal supplies. Although coal may, and will, 
doubtless be discovered in virgin fields, yet there is little hope here in 
Britain of any great additions to our reserve; therefore the water 
power at our command here in Scotland must become increasingly 
valuable. No doubt, many new supplies will be tapped which have 
hitherto been neglected. It behoves us, therefore, to look around and 
see what can be done to find a substitute for or supplement to our coal 
supply. l 

There is stretching from Fort William to Fort Augustus that 
splendid chain of lochs which forms the Caledonian Canal ; these lochs 
could supply an amount of water power which would far exceed any- 
thing we have at present in use. The level of Loch Lochy is 93 ft. 
above the sea. It is about то miles long, and has an average width of 
one mile. This loch, I am assured, could easily be raised to a height 
of 150 ft. ; which would then at least double the storage capacity, 
and would connect it directly with Loch Arkaig, 11 miles long and 
nearly 4 mile average width. This system is surrounded by hundreds of 
square miles of mountainous moorland, forming a magnificent gathering 
ground for such lochs, and with our present knowledge of high-tension 
electrical power distribution is within easy rcach of Glasgow and 
the West of Scotland. The distance to Glasgow does not exceed 
100 miles, and the route would nearly all be through country where there 
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should be no difficulty in obtaining the necessary wayleaves. I believe 
the power available could supply all the energy at present required in 
our vicinity. There is, further east, Loch Ness, 20 miles long, with 
an average width of one mile. The position is 60 feet above sea 
level, and might be raised to one hundred feet. Sooner or later such 
schemes will be carried out, and Scotland, by reason of her water 
powers, should be able to supply most of the energy required by her 
industrial population. 

Just as the inventions of Watt and others have created the factory 
system, by bringing crowds of workers together in order that they 
might collectively use the power of the steam engine, is it not possible 
that the erection of power transmission lines all over the country, 
bringing power to every village and hamlet, may be the means of 
sending certain industries back to the villages and country cottages, 
thus preventing the overcrowding of large towns and cities, and 
directly assisting in solving the problem now so much debated, namely, 
How to get the people back to the land? 

It is quite impossible even to glance at the various branches of 
industry which have sprung into being during the short period dealt 
with so inadequately in my address. Forty years ago, telephony was 
unknown. The steam turbine had not been invented ; even rubber- 
covered cables had only been introduced. The incandescent lamp had 
only been dreamt of. During this period we have added the Réntgen 
rays and, only a few years ago, wireless telegraphy and many other 
epoch-making inventions. 

I have finished ; but to the youngest student of the Institution of 
Electrical Engineers I would say: Put your very best into your 
profession. You have a splendid inheritance, and it is worthy of all 
you can do for it. Go forward, and may success attend all your 
efforts ! 
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BIRMINGHAM LOCAL SECTION. 


INAUGURAL ADDRESS OF THE CHAIRMAN, 


A. M. TAYLOR, Member. 
(Address delivered 13th November, 1912.) 


I desire to thank you for the great honour you have done me 
in electing me your Chairman. One of the unwritten laws of this 
Institution requires that your Chairman shall deliver an address on 
some subject of general interest. I have thought that some remarks 
on Patents and Inventions might be of interest to the members of 
this Institution. 

The prosperity of the country in general, and of the electrical 
industry in particular, depends to a greater extent upon new inventions 
than perhaps is usually supposed. A country which does not provide 
new developments in industry, is apt to stagnate, and will certainly 
be unable to compete with other countries which are providing these 
developments. 

The “commercial element” of the country may arrange for the 
manufacture of standard apparatus on a vast scale and so reduce costs ; 
but unless it is at the same time ready to seize upon the first clear step 
in advance in the way of producing new and useful results, or equal 
results by a new process at lower costs, all its commercial organization 
will have been in vain. 

As an illustration of this, take the case of the steam turbine. It 
would obviously be merely courting disaster, in the long run, for the 
commercial element of the established industry (in this case that of the 
manufacture of reciprocating steam engines) to meet the advent of 
the steam turbine by offering to sell their engines at a cheaper and 
cheaper rate, and so endeavouring to keep the steam turbine out 
of their market. 

The question then arises, whether it is not desirable, in the interests 
of the country at large, to give still greater stimulus to invention ; 
as there is the obvious temptation for large concerns having abundance 
of capital, and control of certain markets, to scek to use this capital 
to enhance their profits, and to stifle competition from any new 
developments. 

For example, a concern having large capital at its back can afford 
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to keep paid agents continually on the look-out for patent develop- 
ments in the same, or in contiguous directions to those which it owns, 
and it can afford to buy up the patent rights (very often for a mere trifle, 
if in the hands of individuals), solely with the object of stifling any 
competition that might otherwise have been set up against its own 
standardized articles. 

To take a concrete example : Suppose it had been possible for the 
manufacturers of reciprocating steam engines (I hope these gentlemen 
will pardon my invidiousness) to have bought up and stifled all inven- 
tions in steam turbines as rapidly as they appeared; the whole industry 
of the nation would have suffered, and developments in large power 
plants would have been retarded to an enormous extent. The des- 
tructive tendency of such a course would seem to be self-evident ; 
and in the abstract, probably all will agree that the right thing to do 
is to offer every possible facility to the inventor to develop his ideas. 
But when it comes to applying these principles to a concrete case, 
things are not quite so clear, and it seems to me that there is a distinct 
temptation for the concern having capital to stultify the efforts of 
the inventor, if these are likely to interfere with its profits. 

Such a course, which the author understands has been carried on to 
an extreme in the United States of America, results in the establishment 
of huge monopolies, and cannot be altogether in the nation's interests, 
besides being quite counter to the objects with which the patent system 
was instituted. 

The author understands that the original object of the granting 
of patents was to encourage the making public of new ways and means 
of effecting given results, with a view to the general prosperity of 
the nation as a whole rather than that of the inventor ; but at the 
same time to make it thoroughly worth the inventor's while to trust 
to a reasonable reward guaranteed by the Government rather than to 
the risky possibility of his making a fortune out of some process 
of which he could only reap the benefit by keeping it an absolute 
secret. Unfortunately, as the law now stands, there is almost as much 
risk of financial loss in patenting, or making public an invention, 
as in endeavouring to keep the invention a secret. 

Ope very important reason for the apathy of the capitalist, or the 
manufacturer, towards the inventor is to be found in the fact that there 
is a profound distrust in the value of patents, and this is one of the 
points which it is desired to investigate in the present address. 

Another point which it is desired to take up, is the inducement 
that should be offered by large firms to their employees to stimulate 
invention. 

A third point is the financial assistance which, in the national 
interest, should be offered by independent concerns to the best class 
of inventors. 

REASONS FOR DISTRUST OF PATENTS. 


Dealing with the first point, it is perhaps not generally known 
by the inventor that, even when he has survived the scrutiny of the 
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British Patent Office, he has only secured a reasonable chance of his 
invention not having been anticipated at the Patent Office, and he has 
no guarantee whatever that interested persons may not be able to show 
that the invention has previously been tried in practice in a semi-public 
way, even though no application for a patent may have been lodged. 

Neither has he any assurance that the invention will act in the 
manner predicted, for on this point the British Patent Office takes no 

responsibility. 

Neither, and this is the unkindest cut of all, has he any assurance 
that there is real “subject matter” in his invention ; for here again the | 
British Patent Office offers no assurance and takes no responsibility. 
The result of the latter defect is that, directly he gets the invention 
started and working successfully, his invention may be combated by 
interested parties in the Law Courts, and if it cannot be shown to 
contain “ subject matter,” it is disallowed. 

The knowledge, in a general way, that there are difficulties of this 
sort to contend with, has no doubt had its influence on the capitalist, 
and even on the manufacturing firms which would otherwise deal with 
the matter. 

A question, then, for careful consideration is whether the inventor 
gets sufficient encouragement from the State to compensate him for 
these uncertainties, and whether these things are not done better in 
other countries. 

Your Chairman has found that in the United States of America they 
are much more careful in accepting a patent than in this country ; but 
it is iu Germany, especially, where the investigation of a patent is carried 
out with a thoroughness:that leaves the inventor, when he emerges 
successfully through the ordeal, with the confidence that, even if he 
were attacked in the Law Courts, his patent would almost certainly not 
be cancelled either on the ground of lack of “subject matter” or on 
that of inability to work, if made as described in the specification. 
Another very good feature about the German Patent is that the only fee 
which the inventor has to pay to obtain this excellent benefit is a 
matter of some 20 marks, since he does not have to pay the remaining 
30 marks unless he is granted the patent, which may be as much as two 
years later. 

The question of the “ validity " of a patent, or otherwise, is one of 
such vital importance to the inventor, and the difference between what 
constitutes sufficient to obtain (in England) the grant of a patent and 
what constitutes “ subject matter ” is so little understood by the average 
engineer, that I trust I shall be pardoned for dealing with this matter 
in some detail, in view of the number of younger engineers in our Local 
Section to whom this matter may be of interest. 

" Àn ounce of practice is worth a pound of theory " is a well-known 
and correct statement; but people who have the experience do not 
always care to make it public property, for reasons which may be easily 
surmised. I must, on this account, content myself. with giving an 
example which is common property, viz. that of the Ilgner case. 
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Here was a patent which had been granted in this country, and in 
the pushing of which large sums of money had been incurred, and 
which, at the instance of a competitor, who had no master-patent to 
offer in its place, is declared to be invalid. 

The probability that this patent was also granted in Germany must 
not be taken to nullify the statement made earlier that they are more 
careful in that country than here about the question of “subject 
matter.” There may be many reasons for its having been granted 
there ; not the least of which may have been an influential and capable 
patent agent. My previous remarks are based on experience under 
identical conditions in the two countries, and form therefore a sound 
basis for comparison. 

What, then, was the Ilgner patent, and where was the lack of 
“subject matter” ? 

The problem before Ilgner was to devise a system suitable for 
working reversible and rapidly-varying loads from a central station 
without causing tremendous shocks on the generating system. He 
employed a motor-generator intermediate between the prime generator 
and the final motor, which permitted the reversal of the latter and any 
change of speed required in the same; and he introduced a fly-wheel 
on the motor-generator to take up the shocks which would otherwise 
come on to the prime generator. He also arranged for the motor of the 
motor-generator to tend to slow up very rapidly with an increased load, 
and thus to draw upon the stored energy of the fly-wheel for the severe 
demand required fiom the generator of the motor-generator. 

The Law Courts held that the employment of a motor-generator 
between the prime motor and the final motor was in essence the Ward- 
Leonard idea ; that the essential idea of the Ilgner invention was the 
putting of a fly-wheel on the motor of the said motor-generator ; that it 
was obvious to any competent engineer that a fly-wheel was necessary, 
in view of the nature of the load ; that the difficulty of using a fly-wheel 
in connection with reversible loads was got over by combining it with 
the Ward-Leonard system ; and lastly, that no act of invention was 
performed in arranging that the motor of the motor-generator should 
slow up with an increased load, as this was an obvious necessity if the 
fly-wheel was to perform its proper function. 

The judgment in this case shows very clearly the erroneousness of 
the common idea, that any combination of known ideas which effects a 
new or improved result is subject matter for a patent. In the present 
instance the combination of the motor-generator idea (introduced 
primarily for regulating the speed of the second motor) with the fly- 
wheel (introduced at the right point of the chain to avoid the excessive 
demands being transmitted back to the generator), was undoubtedly a 
combination effecting “a new and improved result," and as such would 
be accepted by the British Patent Office. But, after a company had 
been formed, and capital spent on developing the scheme, with the 
supposed certainty of reaping a substantial reward later in royalties, the 
whole thing is quashed by an action in the Law Courts, 
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What, then, can be done for the inventor? Undoubtedly the right 
way is for the British Patent Office to be invested with powers to enable 
them to determine authoritatively whether an invention possesses “ sub- 
ject matter " before they issue Letters Patent. 

And what, then, becomes of the army of patent agents and of lawyers 
and expert witnesses, whose field, it might at first appear, would be 
perceptibly restricted? And would the Patent Office be able to pay its 
way if it undertook all this extra work, unless it raised its fees? My 
answer to the last question is that, though the German Patent Office 
does all this extra work, it still pays its way. Last year its expenses 
were £256,000 and its receipts £534,000. And not only this, but the 
known value of a German patent induces foreigners of all countries to 
take out German patents and so bring grist to the mill. The answer to 
the first question is that the increased volume of home and foreign busi- 
ness would still support the patent agents, lawyers, and expert witnesses, 
besides greatly conducing to the country’s prosperity by stimulating 
invention and re-establishing confidence in the value of patents. 

It seems to your Chairman that the British inventor has for too long 
neglected to avail himself of the means of combination possessed by 
other individuals, and some powerful organization is needed in 
this country to defend his interests, and to state his case in Parlia- 
ment, etc. | 

Something, in fact, akin to our own Institution is needed. The 
patent agents have their Institution, but their interests do not in- 
variably coincide with those of the inventor—I refer perhaps more 
especially to the inventor who is deficient in capital—and the inventor 
should certainly have some place where he may rely upon getting dis- 
interested advice, or have his wrongs redressed. 

Iam advised that such an Institution has recently been formed, 
but at the moment of preparing this address I am not fully informed 
as to the extent of which the bona fide inventor—and especially the 
best class of inventor, viz. the engineer-inventor—is represented on the 
Council. My personal opinion is that it should not contain the profes- 
sional or legal element, except in the most dilute quantities. 

Very severe divergencies of interests have, I understand, manifested 
themselves in the United States between inventors and patent agents ; 
but this may, however, be peculiar to that country. 

The Inventors’ Guild of America is, moreover, stated to be “ com- 
posed exclusively of independent and experienced inventor-patentees." 

Before passing from this section of my address, I may perhaps give 
a hint to the inventor. If he cannot get the Britisb Office routine 
amended in the desired direction, the German Patent Office is still at his 
disposal, and the “ oracle" can be worked, if done the right way, for a 
sum not exceeding £3 to £4 if the patentee is his own draughtsman. 

How this may be done is perhaps not desirable to disclose in an address 
of this sort ; but that it can be done is a matter of experience with the 
Author, 
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INDUCEMENT TO INVENTION OFFERED BY MANUFACTURERS. 


My remarks will, of course, be understood to refer principally 
to electrical manufactures, as my experience lies mostly in that 
direction. 

It is, I believe, fairly common practice for large manufacturing firms 
to call upon their employees to sign a document, whereby they agree to 
hand over absolutely to the firm all inventions they may make while іп 
their service, and disclaiming any right whatever to participation in the 
profits. 

The theory of this arbitrary proceeding is that the employee has 
got his knowledge through his employer. But, though there are occa- 
sional cases where the invention has, so to speak, been pitchforked 
into the employee's hands in the course of his daily work, there is the 
large majority of cases where the employee either comes to the employer 
with knowledge gained elsewhere (perhaps at his own expense, as, for 
instance, at college) and to the benefit of which the employer is not 
entitled. 

Suppose, for example, that an employee has, for some reason, found 
it desirable to leave a particular firm immediately after he has worked 
out, with great labour and at considerable self-sacrifice, during his 
evenings at home, some important invention, the clue to which he 
may aslikely as not have received from reading his technical paper 
(and there perhaps also have learnt the demand for the invention). 
All his labour and time has, in such an event, to be irretrievably 
thrown away ; though it is quite conceivable that, apart from the 
invention itself, his employers have benefited immensely by the im- 
proved insight into certain questions (generally intricate) which he 
has found it necessary to investigate in connection with his patent. 
But the whole patent, lock, stock, and barrel, belongs to the employer, 
and the employee has to leave it behind him. 

I had a case happen within my own knowledge, where an excep- 
tionally brilliant engineer was positively dismissed because he refused 
to hand over to his employers a patent which he had taken out, and the 
knowledge for which he had certainly obtained before he came to the 
said employers. 

No doubt there are many simple ideas which are the result of a 
happy inspiration in the course of one's daily work; but the day 
is gone by when anything of real value can be evolved in electrical 
engineering without an immense amount of brain work ; and, if there 
is not sufficient stimulus of reward, the busy engineer can hardly be 
expected to spend his evenings at such problems when he can get 
along just as well with his employers if he does not do anything 
outside of his office. No doubt the difficulty is to make a proposal 
acceptable to the employer, and at the same time sufficiently enticing to 
the employee to give him every stimulus to develop his inventive powers. 

There are certain improvements which might be made in present 
relations between employer and employec, and which are fairly obvious. 
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First, it should be illegal (subject, of course, to proper provision 
being made for the protection of the employer) for an employer to 
compel an employee to hand over to him his invention, on pain 
either of dismissal or of prejudice in any way to his advancement if 
he stays on with the firm employing him. 

The question as to whether the employee got the idea from his 
employer, or whether he obtained the knowledge necessary for him 
to make the invention while in his employer's service, or whether 
his daily work was such as necessarily to provide him with the 
materials for the invention—all these should be left to an independent 
arbitrator (say, for instance, the President of the Institution of 
Electrical Engineers), before it is even conceded that the employer 
has any right to the first refusal of the employee's invention. 

The employee should certainly be allowed to apply direct to the 
Patent Office in the first instance, if he chooses to do so. The fact 
that the patent fees are, under present arrangements, borne by the 
employer, counts for very little in the matter. In most cases, the 
inventor would greatly prefer to pay his own. 


FINANCIAL ASSISTANCE FOR SUITABLE INVENTIONS. 


Undoubtedly the engineer with a genuine bent for invention needs 
every encouragement. By this I do not include the casual inventor 
of a new button-hook, or a boot-jack, or a trousers-stretcher, who is 
quite sufficiently looked after by the present patent system, but I mean 
the engineer who, having a good training in fundamental principles, 
sets out with a full knowledge of what has already been accomplished 
in a particular direction and has a clear idea of what he wants to 
arrive at, and is prepared to make sacrifices in its attainment. 

Mr. Dugald Clerk said recently, in a paper read before the British 
Association on the subject of the gas turbine: “Most of the early 
experimental work upon any great and difficult problem must neces- 
sarily be of the forlorn-hope type, so far as concerns the attainment 
of commercial success. This is shown by the history of all great 
inventions. Pioneers in work of this kind should be highly honoured 
by engineers." 

I most fully endorse this ; but I think we might go a step further and 
say that they should also be honoured by the nation. It is a matter 
that concerns the nation at large just as much as it concerns the 
engineer. However, it is not so much the. “honouring " as it is the 
"encouraging" which I am contending for. 

Could not our Institution do something in this sense? All our 
premiums appear to be granted on the merits of papers read before 
the Institution, judged on the basis of their contribution to the general 
fund of knowledge, or their promotion of a good discussion. But if 
we had a substantial premium set aside for the inventor who may 
read a paper descriptive of his work (even if the object of that work 
be not finally attained), such premium might help him to continue his 

experiments or developments. And, if contributions towards such 
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a fund were invited on the part of members generally, would there not 
probably be a large response from members, and thus an additional 
stimulus given to original work? 


COMMENTS ON PATENT PROCEDURE. 


A few comments, and some hints on patent procedure, may not 
here be out of place. 

The principal adverse comment which I have to make on the patent 
procedure system is that the period of six months allowed between the 
lodging of the provisional and that of the “complete” specification 
is altogether too short for inventions that involve a great deal of 
investigation, calculation, experiment, and development. 

The period is, no doubt, ample for simple inventions; and the 
difficulty is, I suppose, that to enlarge the present period is apt to 
impose a hardship on those who want to obtain Letters Patent as early 
as possible. But there are sundry provisions in the Patents Act 
which help one even here. I would suggest that it is very hard on 
that class of inventors who are the most likely materially to benefit 
their country that they should be handieapped by having either to drop 
their original work (and thus lose priority) or to disclose to the public 
an invention at such a stage that it invites development by others who 
have not done the really hard work on it. 

Really great inventions do not come without a great deal of work 

having been previously performed, nor by other than an individual with 
a large amount of knowledge and general capacity ; and such an 
individual is a valuable man quite apart from his inventions, and sure 
to be in consequence loaded up to the full in his daily work. To such 
a man the spare time which he could give to the invention in six 
months, is ridiculously small. 
As a partial remedy, I would suggest that he should be allowed, 
under increasing penalty, to extend the time to nine months, or even a 
year. The present seven months' absolute limit is not fair to such a 
man. 

And here I may give a hint. It is not, perhaps, general knowledge 
that the British Office gives, before the lodging of the “complete " 
specification, something in some measure corresponding with the 
“patents of addition" which it allows after the lodging of that 
specification. 

I refer to the embodiment of two or more “ provisional" specifi- 
cations in one “complete” specification, under the rule relating to 
“cognate ” applications. Suppose, for example, that during the six 
months succeeding the lodging of the “ provisional" one finds several 
directions in which difficulties have to be overcome, requiring supple- 
mentary inventions, and lodges these ideas in the form of “ provisionals,” 
then when the six months is completed all these can, with the consent 
of the Patent Office, be embodied in the one complete application. 
Thus in any question of priority, one would be allowed the date of the 
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lodgment of any one of the provisionals as the date of that particular 
stage of the invention. 

This is a feature that may be extremely valuable, and in my own know- 
ledge I have come across at least one case in which, while the inventor 
was anticipated by others in the first early stages of the invention, his 
succeeding stages of the invention transformed an uncommercial idea 
into one that was commercially feasible. 

The above rule, then, provides a way in which the inventor can 
sometimes actually gain a month or two. It has been already remarked 
that most inventions of real progress come to one in stages. Now, it 
often happens that the later stages turn out to be of greater importance 
than the earlier stages, and in some cases, as just indicated, it may be 
found out that the earlier stages are either of less importance, or perhaps 
have been anticipated. Suppose, then, that an inventor finds the date 
for lodging the “final” (or “ complete") specification upon him while 
he is in the throes of developing a new and important stage of the 
invention, he has the option of two things. He may either lodge his 
“complete” specification in an avowedly incomplete form and take out 
asecond “complete” specification immediately afterwards, which is a 
distinctly costly process if he is going to lodge foreign applications as 
well; or he may elect to “scrap” one or two of his earlier provisionals 
and thereby gain two or three months, or even more, before he need 
lodge his “ final,” and thus obtain the desired time in which to develop 
his latest stage of the invention. This method has the additional great 
advantage that the date of the lodging of the first foreign application is 
also postponed. 

With regard to other comments on the British system of patents, I 
have already dealt rather fully with the failure of the British patent 
system to protect the inventor from his patent being nullified through 
alleged lack of novelty. It is only fair, however, to the Patent Office 
officials to state that they do their work, as far as authorized by the law, 
thoroughly and efficiently, and are equally courteous to all with whom 
they have to do. 

A suggestion may here be made as to whether the British Patent 
Law should not differentiate between “inventions” in which there is 
held to be “ subject matter " and tliose in which there is not. 

There is a large class of very useful inventions in which two or more 
independent ideas are combined to produce a new and improved result. 
Surely such an invention deserves better of the public than to be put 
upon the scrap heap after a lot of time and money has been spent upon 
it? Take for instance, the Ilgner case; it is very easy for a Judge to 
be persuaded by expert witnesses that the thing was self-obvious, but 
the ordinary engineer may be allowed to have his doubts about this. 

In any case the fact remains that the crushing of a patent in this 
Way is a distinct discouragement to invention, and that the best class 
of inventor, viz. the well-informed, plodding engineer, who has a 
definite purpose and the best equipment for effecting it, is the one who 
is the most hard hit by it. I would suggest that complete protection be 


70 TAYLOR: ADDRESS AS CHAIRMAN. (18th Nov., 


granted to this class of patent, but only, however, for a limited term of 
years—say, 10 years instead of 14 years. This would mitigate the 
discouragement which is otherwise put upon the best class of inventor. 

The point upon which I desire to insist, is that anything that dis- 
courages inventions which would confer a boon upon the country 
producing them (though they need not be in themselves of striking 
novelty) is actually a blow aimed at the trade of the country itself, and 
should therefore be remedied with the least possible delay. 


CONCLUSIONS. 
The following conclusions may be summarized :— 


1. Reform is needed as to the investigation of patent application ; 
and the rigorous methods adopted by the German Office 
might be copied with advantage (with improvements in the 
facilities for appeal). 

2. Inventions requiring a great deal of investigation work should be 
allowed much more than six months for this development. 

3. The large manufacturing firms should offer greater inducements 
to their employees to work out inventions than they do at 
present. 

4. Inventors should combine to protect their own interests, and 
exclusively their own interests, and have a mutual defence 
fund. 

5. Some of the scientific and engineering Institutions might give 
more encouragement and assistance to the independent 
inventor than they do at present. 

6. It might be considered desirable, in the bestinterests of thecountry, 
to have two classes of patents—one for inventions possessing 
"subject matter,” and another for those not possessing it, 
but yet possessing novelty. 


In conclusion, I crave your pardon for errors of omission and com- 
mission, and trust that this address may at least be of some help to our 
younger engineers, even if it contains nothing of information or novelty 
to the older members. 
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WESTERN LOCAL SECTION. 


INAUGURAL ADDRESS OF THE CHAIRMAN, 


W. A. CHAMEN, Member. 


(Address delivered 18th November, 1912.) 


The formation of a new Local Section of the Institution of Electrical 
Engineers, of which you have done me the honour to make me your 
first Chairman—an honour which I very highly appreciate and for 
which I again thank you—seems to offer an opportunity for taking a 
brief survey of the present position in the West of England and in 
South Wales from an electrical point of view. 

Roughly speaking, the area for which this Western Section is 
responsible comprises the counties of Gloucester, Hereford, Monmouth, 
Radnor, Brecon, Glamorgan, Cardigan, Carmarthen, Pembroke, 
Wiltshire, Dorset, Somerset, Devon, Cornwall, and possibly part of 
Hampshire. There would seem to be no doubt that as time goes on 
this large area will require more than one Local Section, but the present 
state of electrical development is not sufficient to warrant more being 
started. Of course, a large proportion of the area is at present, 
electrically speaking, desert land ; but electricity is now very largely 
used in the counties of Glamorgan, Monmouth and Carmarthen, and in 
parts of the counties of Gloucester, Somerset, Devon, and Cornwall. 

There is no comprehensive and complete record of the amount of 
electrical power installed within this Western district, and any estimate 
which can be made must of necessity be very rough. It would, 
however, appear that the total horse-power of motors, or devices of any 
kind for consuming power (including heating and lighting), cannot be 
less than 260,000. Included in this figure are the electrical supplies 
given by the municipalities of Cardiff, Newport, Swansea, Pontypridd 
and other towns in South Wales; also the supplies given by the 
Municipalities of Bristol, Exeter, Plymouth, Devonport, Cheltenham, 
Gloucester, Swindon, Salisbury, Southampton, Bournemouth and other 
towns in the West of England. The figure also includes the supply 
given by the South Wales Electrical Power Distribution Company, the 
Merthyr Electric Traction and Lighting Company, the Cornwall Electric 
Power Company, and other companies ; also the many installations, some 
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of them of considerable size, laid down by colliery companies and by 
copper and other metallurgical works in South Wales and in the mines 
of Cornwall. 

The various uses of electricity at the present time may be grouped 
under the following heads: (1) Telegraphsand telephones ; (2) electric 
lighting and illumination ; (3) electric ventilating, heating and cooking 
for domestic and such like purposes ; (4) the working of tramways ; 
(5) the driving of machinery in factorics of all kinds ; (6) the driving of 
machinery in collieries, including the winding of coal up the shafts, the 
ventilating of the mines, the haulage of coal both underground and 
upon the surface, the driving of pumps for unwatering the mines, and 
in some cases the driving of coal-cutters for actually getting the 
coal; (7) the driving of pumps, haulage gears, winding gears, and 
other machinery used in the metallurgical mines, principally in 
Cornwall; (8) the driving of cranes, travellers, pumps and other 
machinery in the various docks and in the Government dockyards of 
Devonport and Pembroke, and at Portland. 

In spite of the fact that there is at least a total of 260,000 h.p. 
of electric motors and other electricity consuming devices of all 
kinds coming under the heads above menttoned, it is somewhat 
surprising to find that the membership within the Western district 
appears to be as follows :— 

Honorary Members, 1; Members, 39 ; Associate Members, 117; 
Associates, 27; Students, 29; making a total of only 213. Surely this 
number is very much smaller than it should be. There must be 
considerably more electrical engineers and other persons interested 
in electrical matters who are eligible for admission to the Institution 
of Electrical Engineers under one or other of the various grades of 
membership. In this connection, the new class of graduates should 
induce large numbers of those who are engaged in the electrical 
industry, but whose qualifications meantime do not reach the standard 
required for associate membership, to join the Institution and to obtain 
the benefits which must accrue to them by becoming units in such a 
very large and important Institution as ours has already become. 

It is probable that the above list of the uses of electricity does not 
embrace all the different purposes for which electricity is already used ; 
but whether it does so or not there are still to come the adaptation of 
electricity for wireless telephony, and for railless traction (which is 
receiving active attention in some parts of the district), also the 
electrification of railways, and there have been people bold enough to 
say that in due time electric power will be transmitted without wires. 
Last, but perhaps not least, the use of electricity in agriculture and 
horticulture is scarcely even so much as thought of at all in our 
district. 

To discuss the methods and the details of the application of 
electricity to those purposes to which it has already been applied in 
the Western district would be beyond the scope of this address; but 
it may not be out of place to spend a few moments in considering the 
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possibilities of development in the other directions in which nothing 
has so far been done in the West. 


RAILLESS TRACTION. 


No one who travels about the towns and villages of South Wales in 
which tramways already exist, either in motor cars or in other vehicles 
carried on wheels running on the roads, will view with anything but 
delight the possibility of being able to do away with tramway rails 
in our roads and streets. To the tramway engineer, however, the 
prospect of having to deal with heavy traffic without the aid of rails 
is rather serious. For, while it is quite true that the very heavy cost 
of laying and maintaining the rails will be saved, the power required for 
driving the cars will, on the other hand, be considerably greater on 
account of the roughness and unevenness of the roads, with consequent 
increase in road friction. It is apparent that, for the satisfactory 
operation of railless traction, our roads will require to be kept in better 
condition than is often made to suffice for horse haulage. 

The existence of the trolley wire and its overhead accessories, and 
of the poles along the centre or the sides of the road, will be con- 
sidered quite unobjectionable by all who realize that electric traction 
in one form or another is a necessity at the present time. But there 
is still a possibility of railless traction without these accessories at all. 
The secondary battery, which has always had its limitations of distance 
for such purposes on account of its serious weight, may yet be found 
a very useful friend in districts where electricity supply is continuously 
available, at least at one end of each route in question. The facility 
for recharging batteries, combined with regenerative control and the 
very high economy in the use of power possible with some of the very 
ingeniously designed motor-generator apparatus, appear to open up 
possibilities well worth the serious consideration of those who are 
contemplating the introduction of railless traction. Motor omnibuses 
have now been produced to carry thirty-six people and capable of 
running from 45 to 5o miles without recharging, the accumulators, 
which weigh about 1 ton, being easily lifted off at the journey's end 
and replaced by freshly charged ones. The cost of maintenance of the 
accumulators—one of the serious drawbacks hitherto—seems, owing 
to improvements in the conditions of use as well as in the construction 
of the accumulators themselves, to have been reduced to quite a 
moderate figure. The extreme simplicity of the whole equipment 
and the perfect and easy control of the vehicle, surpassing in these 
respects anything that has been accomplished with petrol or steam 
engines, make this method of traction most fascinating. 


ELECTRIFICATION OF RAILWAYS. 


It is sometimes thought that the introduction of electric tramways 
or of electric traction or other forms of mechanical traction along 
roads must be a serious competitor to already existing railways. 
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It may be that in some cases this is to some extent so; but it seems 
probable that in time the establishment of road traction routes will 
be of such great advantage to railways, by acting as feeders to bring 
trafic to them, as considerably to outweigh the loss of some little 
amount of passenger traffic in cases where the road traction routes lie 
more or less parallel to the railway. Perhaps the fact that the creation 
of facilities for travelling calls into existence passengers who would 
otherwise never travel at all is not fully realized. The advantages of 
electric propulsion on railways are the absence of smoke and dirt and 
of hot ashes flying through the air when mounting steep gradients or 
hauling heavy loads, and the rapid acceleration which cannot well be 
managed with the steam locomotive and which results in considerable 
saving of time, particularly on journeys where stops are frequent. 
The rapid acceleration is, of course, due to the fact that the power 
available for starting the train is not limited, as in the case of the steam 
locomotive, to the actual power of the prime-mover ; which latter in the 
case of electric traction forms part of the train itself. The electric 
motor, which is supplied with power from an external generating 
station (this can be of any size required), is capable of standing very 
heavy overloads for short periods of time, so that this system of traction 
for railways possesses a very valuable advantage as compared with any 
method in which the whole power required has to be generated by a 
prime-mover forming part of the train itself. It is also possible to 
make a considerable saving in the total weight of the train by attach- 
ing electric motors to the underframes of one or more of the coaches, 
so that there is no additional weight on the train except that of the 
motor and the electrical equipment—a small matter compared with 
the weight of the steam boiler and engine with their accessories. 
Another advantage which may be expected, is reduced cost of working. 
The question as to which is the best method of electric traction is 
still being warmly discussed by those who have been occupied in the 
electrification of railways. Perhaps, at the present time, there are 
three methods in serious competition: (a) continuous current at 
pressures of 500 to 600 volts, the current being supplied through an 
additional rail carried on insulators, and picked up therefrom by 
collecting shoes attached to the underframes of the vehicles; (b) single- 
phase alternating current, generally at a periodicity of 25 cycles per 
second, conveyed by overhead trolley wires at pressures up to about 
3,000 volts and collected therefrom by suitable collectors attached to 
the tops of the vehicles; c) high-tension continuous current at a 
pressure of 1,000 volts or more, conveyed to the train by an overhead 
trolley wire in the same manner as the last-mentioned arrangement. 
In all three cases the current returns through the rails. 

It is difficult to say which of these arrangements would be the best 
to adopt on the railways in our Western district. It is possible that no 
single one of these systems would prove the best for all cases, but 
that in some circumstances one might be found preferable, whilst under 
other conditions another might prove more suitable. 
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ELECTRO-CULTURE. 


This would be a somewhat novel departure. It does not simply 
mean that electricity would be used for driving the various kinds of 
agricultural machinery which are at present driven by steam or oil 
engines—though that will probably be done in cases where electricity 
supply is distributed_about the country and available at a low cost—but 
it includes the actual stimulating of the growth of crops and plants by 
electrically charging an overhead network of wires erected above 
the surface of the fields or gardens that it is desired to influence. 
Considerable experiments have already been carried out in this direc- 
tion by Professor Lemstróm, and the subject is still being pursued by 
Mr. J. E. Newman, of Pershore, and others. Briefly, the method 
adopted is to produce a positive charge of electricity on the overhead 
network of wires, which are at a height of about 15 ft. above the ground 
and at a pressure of from 40,000 to 75,000 volts above earth potential, so 
as to cause a continuous state of electric tension and, to some extent, an 
actual discharge of electricity from the overhead wires to the ground. 
An essential part of the apparatus used for this purpose,is Sir Oliver 
Lodge’s electric valve, by means of which alternating current from a 
high-voltage induction coil is rectified into direct current, or at any 
rate into current passing in one direction only. 

The results which have been obtained by means of electric stimula- 
tion in this manner have in some cases been very remarkable; but 
there is great difficulty in determining the exact amount of the increase 
attributable solely to this cause because of variations in the amount of 
sunshine and rain and also in temperature during different seasons, as 
well as owing to variation in the fertilizing properties of the manures 
used. These factors in themselves vary so greatly that there is, as we 
all know, very great variation in the crops produced in the same 
districts from year to year due to these causes alone. After allowing 
for these and other varying factors, by taking averages of results over a 
sufficient period of time and also averages of results obtained under 
varying conditions on different parts of a farm during the same time, it 
does appear, however, that the effect of electrical stimulation has been 
to produce remarkable increases. Itis not likely that any material 
advance will be made in this direction until electricity supply is 
distributed in a more general way throughout the country districts ; 
but with the progress now being steadily made by electrical power 
distribution companies within parts of our Western district, it would 
seem quite possible that considerable developments in this direction 
may be made during the next few years. 

The importance of this departure cannot well be over-estimated. 
It is of course a matter of common knowledge that our country does 
not produce anything like sufficient in the way of food-stuffs for the 
maintenance of its population ; and while it is quite possible that the 
ultimate remedy for this somewhat unsound state of things is to be 
found by the emigration of further very large numbers of our people to 
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our Colonies or to other parts of the world, it does seem possible that 
the more or less artificial condition of things which now exists can be 
remedied to some extent by other artificial means. It has been said 
recently by one of our highly respected professors that if coal should 
fail it would still be possible to produce enough alcohol from vegetable 
sources for use as fuel for all the purposes for which coal is now con- 
sumed. There is, therefore, perhaps no need for us to worry about the 
welfare of those who will succeed us in the next few generations even 
if our coal supplies should be worked out. 

In an address of this kind it is perhaps allowable for your Chairman 
to take a departure into any subject with which he may be especially 
acquainted. It тау therefore be permissible to devote a few moments 
to some points of general interest in the business of a power supply 
company. In view of what has already been said, it will perhaps be 
hardly necessary to make an apology for, or explanation of, the reason 
for the existence of power supply undertakings. Electricity is now 
being supplied for such a large number of different purposes, involving 
the use sometimes of large and sometimes of medium or even small 
quantities, that the advantage to the community of having anample and 
largely distributed supply to draw from does not need to be dwelt 
upon. 

In passing, one rather interesting development may be mentioned, 
which ought to increase considerably in the future, namely, the use of 
electricity from a general power supply for the purpose of working 
isolated sewage pumping plants. There is already one such case 
within some nine or ten miles of Cardiff, where the pumping is done 
by electric motors started and stopped automatically according to the 
level of the sewage in a storage sewer constructed beneath the 
road. The attendance upon the plant is reduced to a minimum, and 
the arrangement works with satisfaction and economy. "There must 
be many cases where similar arrangements could be adopted, and 
it should also be possible to give considerable assistance towards the 
solution of the difficult question of providing small water supplies in 
scattered parts of mountainous districts by means of electrically driven 
pumps started and stopped automatically according to the actual 
requirements of each case. 

Of course, these and many other similar applications of electricity 
require only very small quantities, and are absolutely impracticable except 
in connection with a distribution system already in existence for giving 
large supplies, such as those required by the collieries and factories 
which are spread about the country ; but if once the supply can be made 
available on a sound financial basis all those other small supplies can 
be given and become a very useful addition to the revenue of a power 
company, as well as being of great benefit to the consumers. 

It is somewhat remarkable that in spite of the many advantages of 
having a general supply of electricity available, difficulties are so often 
placed in the way of development of these undertakings by persons 
and bodies who might be expected in their own interests to assist 
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power supply companies in every possible way. Landlords—though 
a good many of them are extremely reasonable and quite willing to 
grant facilities for the erection of overhead lines across their property — 
sometimes refuse permission point-blank, or else seek to impose such 
onerous conditions as to be prohibitive. There is no compulsory 
statutory power granted to electrical supply companies in this kingdom 
for the erection of overhead lines across private property as there is in 
Italy and in Switzerland, where the supply companies have the right 
to go across any property within reason, paying compensation for any 
injury that the landlord may really suffer thereby. There isa court 
appointed for hearing appeals and for deciding the amount of compen- 
sation to be paid in case of failure to agree. "There appears to be no 
trouble about the working of such powers in those countries, and one 
cannot see how any difficulty would arise in this country, or how there 
could be any hardship upon the owners of property by the creation of 
similar powers here. 

Local authorities sometimes raise unnecessary difficulties, and in 
many instances have prevented the introduction of electricity supply 
within their districts, to the considerable disadvantage of the inhabitants, 
for no sound reason at all. There exists in the minds of some district 
councillors a strong conviction that all electricity supply undertakings 
should be in the hands of the local authorities, and not in the hands of 
private or public companies at all. ‘This, of course, is a question of 
general policy and the honest convictions of those who hold such 
opinions must be respected, but there can be no doubt whatever that 
the electrical supply industry has been very seriously handicapped in 
the past from this cause. 

Itis much to be deplored that there has been, and still is in some 
cases, such a want of trust in the good faith and proper sense of 
obligation of those who direct and control the operations of companies. 
Possibly there have been cases in times past where companies have not 
acted with that fairness which is reasonably to be expected from those 
who undertake the serious responsibility of electricity supply ; but the 
conditions now laid down by Parliament in the various Electric 
Lighting Acts, and by the Board of Trade under the provisions of those 
Acts, safeguard the public in every possible way. 

Itis remarkable that the Electric Lighting Clauses Act, 1899, requires 
that the conSent of the local authority shall be obtained before the 
erection of overhead electric lines can be allowed by any electrical 
undertakers, and that it provides no remedy whatever in the way of 
appeal to the Board of Trade, or otherwise, against the obstruction 
which must result from the abuse of this provision. This point may at 
any time become a serious one, and the Act should be amended. It 

would seem that the Parliamentary Committees who dealt with the Bill 
omitted, by oversight, the provision of a remedy against unfair use of 
this power of veto, although such provisions are made in other 
directions by the same Act. | 

In several cases, however, it is gratifying to find that local 
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authorities and power supply companies have not only ''buried the 
hatchet," but have entered into agreements for supplies in bulk, or 
have transferred Provisional Orders upon terms which must be 
considered reasonable from the points of view of both parties. 

It may perhaps be interesting to know that in one case in this 
district the Urban District Council are putting down a refuse destructor 
with electric generating plant upon the same premises, for the purpose 
of converting all the energy available from the destruction of the refuse 
(which in some of these districts in South Wales is of an unusually high 
calorific value) into electricity. This is to be delivered into the mains 
of the power company at all or any hours of the day or night, and paid 
for by the power company at an agreed price. On the other hand, the 
District Council have obtained a Provisional Order and have entered 
into an agreement with the power company for bulk supplies at various 
parts of the district in question throughout which the power company's 
transmission mains already run. The Council will themselves work 
their Provisional Order, putting in transforming apparatus at various 
points and the necessary distribution system connected therewith at 
their own cost. In this way the Council find a market for the 
continuous delivery of their waste power during both day and night, 
and at the same time obtain the benefit of bulk supplies, for the purposes 
of their own Provisional Order, at a very moderate price and without 
the necessity of resorting to the use of accumulators, as might have 
proved necessary had they decided to generate power for themselves. 
They also save considerably in the cost of transmission. 

In another case the District Council have agreed to the power 
company obtaining a Provisional Order for the purpose of carrying out 
the supply throughout their district. The Council have also made an 
agreement with the power company for the lighting of the principal 
roads and streets in the district. As thisis a case where no gas company 
is ir existence, the benefit to the residents is obvious. The company 
may be trusted not to be so foolish as to try to take advantage of the 
fact that there is no competition, in order to obtain higher prices than 
they would do under other circumstances. Such a policy would 
naturally cause dissatisfaction and in the end only damage the power 
company. 

It is to be hoped that these beginnings of better understandings 
between supply companies and district councils will sprtad farther as 
time goes on. | 

Although the total horse-power connected to the South Wales 
Electrical Power Company's mains is about 20,000, several of the large 
colliery companies in the district have put in generating plant of their 
own, and in some recent cases where the power company's mains have 
not yet been extended the periodicity adopted by such collieries has been 
chosen to suit the periodicity of the supply given by the power company, 
with the object of facilitating the joining up of the various power stations 
in the district as time goes on. It is possible that the passing of another 
year or two may see the generating plants of some of these colliery 
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companies linked up with the general system of transmission of the 
power company in such a way that any surplus power available from 
one colliery at certain times of the day may be utilized at other 
collieries, and also so that at times of. heavy load the power company's 
generating plant may assist the colliery company's generating plant 
by giving whatever extra power may be required. It may be a some- 
what delicate matter to collect into one harmonious whole these various 
interests, but the thing is said to have already been done in parts of 
Germany, where the advantage to be reaped by all pulling together has 
beenrealized. The various colliery and factory owners have their own 
representatives upon the board of the power company, and even 
municipal undertakings have in some cases joined in with the general 
scheme, having their own deputed members representing them on the 
board of the power company. | 

The consideration of even these few points of general interest in 
connection with power supply undertakings may suffice to show that 
there is work, and a considerable amount of work too, for an Institution 
like ours to take in hand; this work may be looked upon as purely 
commercial and entirely untechnical, but it is, nevertheless, of the very 
highest importance to progress in the use of electricity. 
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SUMMARY OF CONTENTS. 


Кок CONSTANCY AND POWER OF PERMANENT MAGNETs it is necessary 
to consider the following points :— 


I, QUALITY OF STEEL : Carbon Steels ; Alloy Steels ; their percentage 
composition. 
2. SHAPE AND DIMENSIONS : Bars, Short and Long ; Shapes forming 
Nearly Closed Curves. 
3. HEAT TREATMENT: Normalizing; Quenching; Temperature of 
Quenching ; Rapidity of Quenching ; Tempering. 
. MAGNETIZING : Methods ; Appropriate Intensity of Field. 
. MATURING: By Lapse of Time; by Mechanical Shock; by Rce- 
heating ; by Partially Demagnetizing. 
6. CONSERVING : Safeguards for Conservation. 
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INTRODUCTORY. 


It is impossible, at any rate for me, to come back to the University 
of Glasgow without referring to the late Lord Kelvin, from whom we 
have learned so much in this subject of Magnetism. Alas! he is no 
longer here to represent science in the University. 

The magnetism of permanent magnets is a subject which interests 
all electrical engineers; but I doubt whether the majority of them 
recognize the real importance of it. In many diverse instruments 
everything depends on the constancy of permanent magnetism: and 
that constancy, now habitually attained to a remarkable degree, has not 
been reached without labour and long effort. We have all been familiar 
from our boyhood with magnets, but I doubt whether any of us has 
realized the number of problems which in the developments of the last 
twenty years have been confronted, investigated, and solved. But I have 
ventured to think that if one might collect the scattered data that have 
been gleaned in the researches of many workers during those years, and 
put them, as they have not hitherto been put, into a collected whole, the 
result would be worth recording, even though, as in the present case, 
the individual who has had the labour of putting the data together has 
practically nothing to claim inthe way of originality upon his own part. 
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I have to speak, then, not of my own researches, but of things that have 
been done by other investigators in this and other lands. 

Now in the first place, it goes without saying that we consider the 
materials which are proper for the making of permanent magnets, and, 
primarily, of steel. For all ordinary purposes there are no permanent 
magnets except those made of steel. I do not, of course, forget that 
there is also the material lodestone ; nor am I oblivious of the circum- 
stance that Professor Pierre Weiss haslately discovered a new magnetic 
material, an alloy of cobalt and iron, which appears to possess the 
property of acquiring a larger degree of magnetism than any other 
substance, and of retaining it to a remarkable extent. But it must 
sufhce here to note that there is such a material, since its properties 
require further investigation. We have therefore to deal only with 
steel. Let me enumcrate the heads under which we shall have to con- 
sider steel. First there are the questions of the composition and con- 
stitution of the steel. Ought we to use carbon steel or an alloy steel ? 
If carbon steel, what percentage of carbon should we adopt? Remem- 
ber that our word “steel” does duty as the name of materials which 
differ enormously in their mechanical and chemical properties. For- 
merly, when people were beginning to distinguish between iron and 
steel, they used to reserve the name “steel” for those kinds of iron 
which could be hardened by quenching, so as to take an edge when 
ground for service as weapons or tools, and which when duly tempered 
showed the valuable property of elasticity, making them useful for 
springs, All other kinds they called “iron,” whether of the soft ductile 
and malleable sort containing practically no carbon, known as “ wrought 
iron," or whether of the harder and more brittle kind containing more 
than 2 per cent of carbon, known as “cast iron.” But in the nineteenth 
century the great metallurgists discovered new ways of making a nearly 
pure iron, capable of being cast, often containing less than a tenth of 
I per cent of carbon, nearly as soft, as ductile, and as malleable as 
wrought iron. Yet simply because a material called “steel” fetches a 
higher price in the market than a material called “iron,” they gave 
to this remarkably pure iron the name of steel—“ mild steel." Without 
falling into the verbal pitfall thus provided, let us say simply that for 
the purpose of making magnets the steel that we must use is one that is 
really steel, in the old sense. That is to say, it will be no good for 
making magnets unless it is capable of being hardened by quenching. 
A soft steel is useless for this purpose. But the hardenable steels 
comprise two groups of material; the high-carbon steels, containing 
from 0'3 to 155 per cent of carbon, and the alloy-steels containing, 
along with a certain percentage of carbon, a notable quantity of one 
of the metals tungsten, molybdenum, chromium, or vanadium. To one 
or other of these classes magnet-steels belong ; and it will be necessary 
to consider them in detail. | 

A second consideration, апа one which will to some extent affect 
our choice of material, is the question of the shape and dimensions of 
the magnet that is to be made. It will be made abundantly clear that 
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the magnetic properties of short bar-magnets, and of magnets of any 
short shapes, such as cubes or spheres, are very different from those 
which have the form of long bars, or which are bent round in circles 
or horse-shoes so as to form nearly' closed shapes. And it does not 
follow that the material which is suitable for a long bar magnet or a 
horse-shoe will be suitable for short magnets such as are occasionally 
wanted. | 

Then there is a third consideration of a metallurgical nature, namely, 
the heat-treatment to which the material has been subjected at the 
steel works. Steel of a given composition may differ widely in its 
magnetic properties according to the furnace processes: to which it has 
been subjected. Before it receives its shape it has been subjected to 
various heatings and coolings, as well as to mechanical processes of 
hammering, or drawing, or forging. Its homogeneity of structure 
depends on these : but it also depends on the heat-treatment that the 
magnet receives after having been brought to its final shape. If we 
are to know how to make magnets which are as powerful and as 
constant as possible, we must know to what temperature they should 
be heated before we quench them, and how long they should be so 
heated. We ought to know at what temperature they should be 
quenched to harden them, and how rapidly they should be quenched. 
Further, we ought to know whether after this hardening there is any 
advantage or disadvantage in reheating them to temper them. 

A fourth consideration is the process of magnetizing them : in what 
magnetic field, or how? Happily this is the least troublesome of all 
the processes, because if you have a sufficiently powerful electromagnet 
to impart the magnetism, the precise mode of applying it is an unim- 
portant issue. The magnetism which a magnet retains permanently is 
only a fraction, it is true, of the magnetism temporarily imparted 
during magnetization : but if the temporary magnetization has already . 
been pushed to a high degree, there is little or no permanent advantage 
to be gained by pushing it further to abnormal values. | 

Fifthly, after a magnet has been magnetized, and if it has to be 
brought into such a state that its permanent magnetism is really 
constant, it must be subjected to a further process of maturing.* 

Lastly, there is the question of conserving the magnetism of a 
magnet. Let me dispose of this, once for all. The only way to 
conserve the constancy of a magnet which has been prepared through 
all the series of processes is to see that it is never subjected either 
to severe heating or cooling, and never allowed to touch against any 


* This process of “maturing” must be carefully distinguished from the effect, 
sometimes called “ageing,” which occurs in transformer iron. Ageing is the term 
properly applied to the phenomenon which sometimes occurs in a transtormer, when 
the sheets of iron used for the core show impaired permeability and increased 
hysteresis after use for a few months. The maturing of magnets may occur naturally 
during the first few months or years after their magnetization, as they settle down 
to constancy. This process of settling down may be hastened in several ways: by 
mechanical shock, by repeated steaming or warming, or by partial demagnetization. 
The term “maturing” appropriately includes all varieties of the process. Some of 
the operations of maturing the steel may be effected even before magnetization. 
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other magnet or piece of iron. The supposed safeguard of putting 
on a keeper is about the worst device ever suggested. Every time the 
keeper is suddenly put on the magnet is weakened. Every time it is 
suddenly pulled off the magnet is strengthened. 


MAGNETIC QUALITIES OF STEEL. 


I resume the consideration of the separate questions which have 
now been stated : and foremost that of the quality of the steel. Here 
we have the magnificent series of researches associated with the 
names of Sir Alfred Ewing, the late-lamented Dr. John Hopkinson, 
the brothers Professors Andrew and Thomas Gray; and in more 
recent times those of Messrs. Barrett, Brown, and Hadfield, those 
of Sir Robert A. Hadfield on the alloy steels; and those of Messrs. 
James G. Gray and Alexander D. Ross, to name no others. 

The researches of Ewing and of 
Hopkinson are so well known that a 
very brief reference to the salient 
points which their work brought out 
must suffice. When any specimen of 
steel is subjected to magnetizing 
forces it acquires a temporary magne- 
tization in excess of that which it 
retains when the magnetizing force 
is removed ; and, of the magnetism 
which remains, a part only is re- ` 
tained permanently, a considerable 
part being readily removed by any 
demagnetizing forces to which it may 
be subjected. It is a commonplace 
to say that the softer the specimen 
the less is the fraction of magnetism А | 
which it retains permanently, and Fie. "AERE. MOODS 
the harder the specimen the greater B. 
is that fraction. But the amount 
which remains when the magnetizing forces are removed is, in different 
specimens, held in the steel with different degrees of fixidity. Follow- 
ing Hopkinson, we take as a measure of the tightness with which the 
magnetism of a specimen is retained the amount of demagnetizing 
magnetic force which must be applied in order to reduce the magne- 
tization to zero. And the “coercive force,” or fixidity, is defined as 
equal (and opposite) to that amount of demagnetizing force. 

Let us illustrate the matter by a diagram (Fig. 1), taken from 
Ewing, relating to a carbon steel wire which was ‘magnetically tested 
in an annealed state, and again tested after having been made glass- 
hard by quenching when nearly at a white heat. Comparison of the 
two hysteresis loops shows that the soft steel, when subjected to a 
magnetizing force of about H = 100, acquired a magnetic flux-density 
having a value of Bmax. = 14500; the value of the intrinsic magnetiza- 
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tion being Imax = 1145. When the magnetizing force was reduced to 
zero the residual value of B fell* to about 10400, or Tren, = 827; and 
it required a demagnetizing force of about H = — 22 to reduce the 
residual magnetism to zero. In the hard state an application of the 
same magnetizing force produced a flux-density of about B = 12600 
only, which fell to about 9600 on the removal of the magnetizing force. 
But the demagnetizing force required to reduce the flux-density to 
zero was now H = — 40. Stated otherwise, the hard steel showed 
actually a lower value of the remanence I, = 764, as against 827 for 
the soft steel ; but this lesser amount of residual magnetism was held 
more tightly, since the coercive force for the hard steel was 40 as 
against 22 for the soft stcel. 

It will be convenient here to present a Table in which are collected 
together a number of similar data for various specimens that will be 
referred to in the course of this lecture. 

The hysteresis loop provides us then with the means of defining 
the two most important facts that we ought to know about any steel 
that is to be used for making permanent magnets—the value of the 
remanent magnetization and the value of the coercive force: the 
height of the point where the curve crosses the vertical axis, and 
the breadth of the loop on either side of the zero-point. And of these 
two things by far the most important is the latter—the coercive force. 
We shall consider any steel to be unsuitable for modern requirements 
if it does not have the value of I... at least as high as 800, or if the 
value of H. does not exceed at least 6o. 

Our next question is how the carbon content of a steel affects these 
two properties. It is well known that low-carbon steels do not harden 
appreciably on being quenched ; and, broadly speaking, we may say 
that a carbon steel containing less than a quarter of 1 per cent carbon 
does not harden. Neither is such a steel of the slightest use for a 
permanent magnet. Carbon steels containing from 0775 to I per cent 
of carbon, known as die-steels, sett-stcels, and chisel-steels, are suitable 
for such articles as stamping dies, hammers, miners' drills, chisels, 
shear-blades ; those containing from т to 1°15 per cent for drills, 
milling cutters, screwing dies, which require a greater hardness; those 
containing 1°25 per cent for turning tools, fine drills, small milling 
cutters, which must be capable of still further hardness; r'5 per cent 
for razors, fine turning tools, and files, which have to be extremely 
hard. The hardness which they can acquire on quenching increases 
with the carbon content. 

The hardening produced by carbon is, in fact, up to a content of 


* In considering other hysteresis loops I shall, for brevity, denote the remanent 
value of B by the symbol Brem, and the value of H which measures the coercive 
force as H.. For the purpose of this lecture it will be convenient to plot the intrinsic 
magnetization I, rather than of the flux-density B ; the residual magnetization, or 
“remanence,” being then denoted as Ij, Since 1 == (B — Н) 4 х, and H is almost 
always small compared with B, we may consider approximately I = В — 4 x. As the 
values of Brem run over a range of from about 6000 to 11500, those of Irem will run 
from about 500 to about goo in such steels as come into our consideration, 
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I per cent, proportional to the amount of carbon present. And so, 
also, broadly speaking, is its coercive force. Later on I shall refer to 
some important investigations by Mme. Curie on the alloy steels: but 
she made also some highly significant measurements on carbon steels. 
Fig. 2 gives two hysteresis loops determined by her. The one marked 
A relates to a low-carbon steel containing only 0°06 of рег cent of 
carbon, and was therefore practically a pure iron. The other, marked 
B, was a fairly high-carbon steel containing r2 per cent of carbon. 
Both had been quenched, B at about 800° C., when it hardened ; A at 
about rooo? C., which, however, did not harden it. It will be seen that 
for both kinds the value of I,.. was nearly alike, being 625 for the low 
carbon and 645 for the high-carbon steel ; but the low-carbon steel held 
its magnetism very loosely, the coercive force being only about 3:4 ; 
while the high-carbon steel held its magnetism much more fixedly, the 


Fic. 2.—Hard and Soft Carbon Steels (Mme. Curie). 


coercive force being about 58. According to Professor Arnold, though 
the magnetic permeability of a specimen is inversely proportional to 
its carbon content, the amount of permanent magnetism retained is 
directly proportional to the carbon content.* This statement is not 
true of the values of Те; but is more nearly true of the values of the 
coercive force. The next diagram, Fig. 5, is dueto Dr. Carl Benedicks, 
and shows the variation of the coercive force with the carbon content. 
From this we see that the mild steels having less than 025 of т per cent 
of carbon have very little coercive force ; but that the coercive force 
increases between o'5 and т per cent, and at 1°15 per cent carbon 
content reaches a value of about Н, = 50. Obviously this affords a 
first reason why high-carbon steels make far better permanent magnets 
than do the low-carbon sorts. 

* Arnoldregards the constituent hardenite (see p. 103) as a definite subcarbide of iron, 


of composition Fe,,C; and holds that the permanent SERIEN depends upon the 
amount of this substance present. 
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But it has been known for many years that certain steels containing 
other constituents beside carbon possess special qualities both as 
respects hardness and as respects magnetic fixidity. The sort known 
as Mushet's steel, the earliest of the great class of tool steels, was found 
to remain hard even when very hot; and when forged it was self- 
hardening without having to be quenched in cold water. It was found 
to contain * from 7 to 12 per cent of the metal tungsten, besides 
having from 14 to 2 per cent of carbon. In recent years many varieties 
of self-hardening tool steels have been produced by metallurgists, some 
containing tungsten, others containing other metals such as molybdenum 
or chromium, also manganese or vanadium. All such steels belong to 
the class to which the generic name of alloy steels is given, to distinguish 
them from the pure carbon steels. The alloy steels may or may not 
contain carbon; and they vary enormously in their properties. 
Aluminium steel and silicon steel are very soft; and, as Sir William 
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Fic. 3.— Variation of Coercive Force with Percentage of 
Carbon (Benedicks). 


Barrett has shown, may even surpass pure charcoal iron in having a 
great permeability and very little coercive force. Manganese steel is 
very hard, and, curiously, is almost non-magnetizable. Many of these 
alloy steels are coming into use in the industries ; and their introduction 
has opened out a new branch of the steel industry. Magnetically 
several of them are of extreme interest. For many years it has been 
known that a particular kind of steel coming from the forges of 
Allevard, near Grenoble, made most excellent permanent magnets. 
The Allevard stecl is a tungsten steel containing about 54 per cent of 
tungsten and about o'59 per cent of carbon. Fig. 4 shows the tests 
made by Mme. Curie on a specimen of Allevard steel. Curve A 
shows the magnetic behaviour of the specimen as received from the 
forge, not specially annealed, neither specially hardened. Curve B 
shows its behaviour after being heated to 770°C. and quenched at that 

* The Mushet steel manufactured by Messrs. S. Osborn & Co. has, on the 
average, 5:8 рет cent of tungsten, 1°65 carbon, 212 manganese, 0'45 chromium, and 


136 silicon. B. E. Jones gives 8:22 tungsten, 2:3 carbon, r'72 manganese, and 16 
silicon, 
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temperature in cold water. The value of I, was decreased from 
goo to 800, and the coercive force was increased from 26 to 74, by 
quenching. 


100 -50 o 50 IOO 150 200 
Fic. 4.—Unhardened and Hardened Tungsten Steel (Mme. Curie). 
Many steel-makers now make special magnet steels, using alloys of 
tungsten and other metals. Magnet steels can be obtained from various 
Sheffield firms: Messrs. W. Jessop & Sons ; Messrs. Edgar Allen & Co. ; 


-100 -50 0 50 100 150 200 250 
Fic. 5.—Saville's Tungsten Steel (Hardened). 


Messrs. Seebohm & Dieckstahl; Messrs. S. Osborn; Messrs. J. J. 
Saville & Co.; Messrs. T. Firth & Sons; as well as from certain 
Continental firms such as Heinrich Remy, of Hagen in Westphalia ; 
Ch. Pinat & Cie, Allevard, Isere; and Messrs. Bohler Brothers, of 
Kapfenberg and Vienna. An example is afforded by a tungsten steel 
of Messrs. J. J. Saville, of Sheffield, Fig. 5, which has a remanence 
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I. = 917, and a coercive force of 65, which exceeds that of any carbon 
steel. I shall return to questions affecting the alloy steels later on. 


MODERN METALLURGICAL VIEWS ON STEEL. 


But if modern metallurgy has taught us that the chemical composi- 
tion of the steel is important, it has also taught us that there is some- 
thing equally important, namely, the constitution or structure of the 
steel. Perhaps no advance in recent times has had an importance 
comparable with that connected with the application of the microscope 
to the study of metallic structures. ‘The science of metallography, 
founded by Sorby, and extended by Ewing, Roberts-Austen, Stead, 
Rosenhain, and Beilby in this country, and by Osmond and many other 
workers on the Continent, is revealing the interior secrets of the metals 
and alloys. As the result of micrographic researches steels are known 
to contain certain structural constituents known as ferrite, cementite, 
pearlite, martensite, hardenite, austenite, etc., which can be recognized 
in the microscope. Of these, ferrite appears to be—in the carbon steels 
at least—pure iron in small definite crystals ; and cementite appears to 
be a definite carbide of iron Fe,C. Pearlite, so called from its nacreous 
lustre, is that particular mixture of constituents which has the Jowest 
transformation point, and which, remaining mobile in the solid mass 
down to about the temperature of 690? C., is the “ eutectic” * (or most 
fusible) of all possible of the carbon-iron alloys. It has a composition 
of about o'g of т per cent of carbon to 99'1 per cent of iron. If a 
(mild) steel containing less than this percentage of carbon is heated to 
its melting-point, and allowed gradually to cool, its solidification begins 
by some ferrite (pure iron) freezing out and forming crystals throughout 
the plastic mass ; which crystals grow at the expense of the rest until the 
remaining mobile part has reached the percentage of pearlite, when it 
all solidifies, the ferrite crystals being found enclosed in a surrounding 
matrix of реагіќе. Оп the other hand, if a high carbon steel contain- 
ing over o'9 per cent of carbon is melted and allowed to cool, cementite 
will be formed first, and as the solidified mass cools, the percentage of 
carbon in that part which is still in a mobile state, will fall until the 
percentage of pearlite is reached, when all the enclosed residue be- 
comes solid, the masses of cementite being then found to be sur- 
rounded by a matrix of pearlite. But if the cooling instead of being 
gradual is sudden, other changes occur, differing with the proportions 
of carbon present, and with the suddenness of the cooling. In high 
carbon compositions rapid cooling results in the formation of charac- 
teristic structures which influence the mechanical properties. Thus 
martensite is a constituent which usually exhibits a structure apparently 
consisting of interlaced needle-like crystals, making the steel very 

* Howe's term «olic is certainly preferable here to the more commonly used term 
eutectic. For while eutectic properly signifies most fusible, we have here to deal 
with a solid undergoing transformation, and with a composition that has lowest 
S. of transformation. 


At this point in the lecture a number of micrographic photographs were 
projected upon the screen in illustration of these metallographic discoveries. 
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strong, as required for steel rails. The hard constituent called 
hardenite (which may be a solid solution of carbon in iron, or possibly 
a subcarbide of iron) is of the same percentage as pearlite, and is 
formed during any cooling that is so rapid that the particular pearlite 
structure has not time to form. This constituent appears to be the 
most important one in magnets. Another structure called austenite, 
which consists of zigzag streaks in a mass of hardenite, appears to be 
а pure 1'6 per cent carbon steel, a solid solution of carbon or of 
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Fic. 6.—Diagram of Equilibrium States of Carbon Steels at Different 
Temperatures. 


cementite in the rest of the stecl. The subject is so wide that it is quite 
impossible here to give any adequate summary of it: suffice it to say 
that metallurgists have sought to explain, from the properties of these 
constituents, the mechanical properties of different kinds and qualities 
of steel, and to account for the phenomenon of mechanical hardening. 
But the matter does not stop here. Certain lines of reasoning have led 
to the hypothesis that iron itself can exist in three different states, 
or phases, which some regard as allotropic forms; and these pass 
spontaneously into one another by mere change of temperature. 
Pure iron at ordinary temperatures is soft and highly magnetizable, 
and is called Alpha iron. When heated to about 750? C. it passes into 
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the Beta state, in which state it is rather harder and non-magnetic. 
When heated to about 860°C. the Beta iron passes into the Gamma 
state (also non-magnetic). On cooling the changes occur in the 
reverse order. Fig. 6, which is due to Roberts-Austen,* modified - 
by Roozeboom and others, summarizes the foregoing matters in a 
graphic way. In this diagram the percentage of carbon in the steel 
is plotted horizontally, from o (pure iron) on the left to 5 per cent 
(cast iron) on the right. Temperatures up to 1600° C. are plotted 
vertically. For ordinary steels containing from o to 2 per cent, 
the melting-point lies between 1600° and 1380° according to the 
carbon content. Below these temperatures, for some way down the 
diagram, the material is plastic consisting of gamma-ferrite mixed 
with martensite, or (if a greater proportion of carbon is present) of 
martensite mixed with cementite. As the plastic stuff cools its 
constitution alters; the various regions of the diagram indicating 
the state that is stable at the various temperatures. A steel with 
the particular composition of o'9 per cent of carbon (indicated by the 
dotted vertical line) is that which remains homogeneous, or un- 
segregated, to the lowest temperature, namely, about 690°, when it 
changes into pearlite. 

Now we wish to connect these metallurgical discoveries with the mag- 
netic properties of the steels. The first and most notable connection 
is indicated by the thick line which runs nearly horizontally across the 
diagram. It marks the temperatures at which the steels of different per- 
centage composition cease to be magnetic. Steels of every kind when 
heated above about 700? C. cease to be magnetic. That is, they are not 
attracted by a magnet, and cannot act as magnets. They all, with 
certain rare exceptions, regain their quality of magnetizability when 
cooled down again below that temperature. For all high-carbon 
steels the temperature is from 680°C. to 690? C. ; for low-carbon steels 
a little higher ; and for pure iron itself about 760°C. The consideration 
of this matter will be resumed under the head of heat-treatment. 


ErrECT OF SHAPE AND DIMENSIONS. 


It has long been known that, for a given material, long bars are 
more retentive than short ones ; and that nearly-closed forms such as 
horse-shoes, or rings with a slit across them, are more retentive than 
forms that have their ends widely apart. Nearly forty years ago, as I 
remember, Lord Kelvin taught us that short bars have no magnetic 
memory. Squat forms such as short cylinders, cubes, or spheres, even 
if made of the hardest and best steel, have surprisingly little retentivity. 
Long bars of soft stuff usually keep much more magnctism than do short 
bars of hard steel. The reason is that the poles of every magnet exercise 
a self-demagnetizing influence qn the body of the magnet : and this 
self-demagnetizing influence depends both on their shape and on their 
strength. The self-magnetizing effect is best dealt with by means of a 


* Fourth. Report of Alloys Research Committee. Proceedings of the Institution of 
Mechanical Engineers, Parts 1 and 2, p. 70 and p. go, 1897. 
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self-demagnetizing coefficient or factor, which in the case of cylindrical 
bar-magnets depends only on the ratio that the length bears to the 
diameter. That ratio, the so-called dimension-ratio, is, as you will 
presently understand, of immense influence upon the qualities of the 
magnet. In a bar magnet the poles are continually acting on one 
another, and exercising demagnetizing forces on the parts of the 
magnet that lie between them. The shorter the bar, the nearer together 
are its two poles, and the greater the demagnetizing action which they 
exert on the steel in the middle of the bar. Let На. stand for the 
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Fic. 7.—Dimension-ratios and Demagnetizing Coefficient. 


demagnetizing field due to the poles ; its value is found to be propor- 
tional to the intensity of the intrinsic magnetization I. We may, then, 
write Ha =D x I; where D is the coefficient of demagnetization ; and 
obviously it may be stated as D = Н. — I. Itis possible to determine 
the values of D for cylindrical magnets of different lengths and thick- 
nesses by pure experiment. It is also possible to predetermine them by 
theoretical calculations from the properties of ellipsoids, though approxi- 
mately only. Various persons, including Sir Alfred Ewing, Professor 
Ascoli, Professor Du Bois, Dr. Riborg Mann, and Mr. C. L. B. Shudde- 
magen, have determined their value. The most recent figures are those 
published by myself * and my former assistant, Mr. E. W. Moss. Our 


è Proceedings of the Physical Society of London, vol. 21, p. 622, 1907-9. 
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figures, which agree closely with those of the earlier investigators, 
were undertaken to extend the measurements to shorter bars, and bars 
€ rectangular section. Fig. 7 gives graphically the values of the 
demagnetizing coefficient as it falls from 1'2, for rods that are 2°66 
diameters long, to 00223 for rods that are 40 diameters long. 
Numerical values are given in the following table, in which the values 
for rods that are more than 40 diameters long are taken from the 
dissertation of Riborg Mann. 


| Dimension-ratio, à ... ies 2'5 2:66 | 355 
Demagnetizing Coefficient 173 135 0:83 
| 
Hd| 444 5 534 6:66 8:86 | 
| D| 0618 0°53 0:483 0'352 0°233 


Yd} 25 30 35°6 40 50 


D | 00438 0'036 0°0255 0'0223 o'o182 


i Id | 60 70 80 go 100 


| D | 0'0131 0'0099 0:00776 0°00628 0'00518 | 


і 


| Wd 150 200 300 500 1000 


hi 0'00251 | O'O0152 000075 0'00018 0'00005 


Passing оп to the case of slit rings, it has been shown by Н. Leh- 
mann and H. Du Bois that the demagnetizing effect of a slit in a ring 
magnet is nearly proportional to the width of the slit, that is to say, to 
the width of the gap in the magnetic circuit. It would be precisely 
proportional if there were no magnetic leakage, and if the gap itself were 
small compared with the radius of the ring. The demagnetizing coeffi-. 


94 THOMPSON: THE MAGNETISM OF [18th June, 


cient is, in fact, about 0'035 per degree of the width of the slit. But if the 
ring, instead of being merely slit, is provided with enlarged pole-pieces 
which approach one another, so as to leave a narrow gap between the 
two polar areas, the demagnetizing coefficient may be very greatly re- 
duced. Fig. 8 represents diagrammatically such a magnetic circuit, with 
enlarged polar surfaces. The dotted line represents the mean path of 
the flux along the magnet core. Let this length be called /,,, and let 
the width across the gap be called /,. Let the area of cross-section of 
the magnet core be called A,,, and the area of cross-section of the flux 
at the gap—practically the same as the area of either pole-face—be 
called A} Also, let » denote the coefficient of allowance for magnetic 
leakage, that is, the ratio of the total flux in the magnet core at its 


Fic. 8.— Theoretical Magnetic Fic. 9.—Form of Magnet used in 
Circuit. . Thomson-Houston Meter. 


middle to the useful flux in the gap. Then, in terms of these quantities 
the demagnetizing coefficient may be written— 


б pat | An 
р=—# {5-25 


From this it appears that the tendency to self-demagnetizing may be 
reduced at will by making A, large or /, small, or by providing a large 
magnetic leakage. In 1888 Hookham pointed out the significance of 
the ratio above enclosed in brackets, and gave the empirical гше * that 
for magnets that should be both powerful and constant that ratio 
should not exceed 4,5. But with modern steel, and with allowance for 
magnetic leakage, higher values may be permitted. 

As an example may be cited a magnet of the form shown in Fig. 9 


* Mr. Hookham, writing in 1912 to the author, in reply to a query whether he 
considered this rule to be still adequate, said that having been indirectly experimenting 
on it, ever since 1888, in the application of it to magnets in hundreds of thousands 
of meters, he has found it a safe law. Не adds: ‘It is really а rule for using the 
steel to the best advantage—for producing the most intense permanent field in an 
air space of given distance between poles and given cross-section with the greatest 
economy of steel lf magnet steel improved in quality, i.e. in retentive power, the 
length of mapie might be reduced ; but there has been no appreciable improvement 
—I doubt if there has been any." 
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used in the Thomson-Houston meter. The values measured were: 
An 84 sq. cm.; Am, 2'1 sq. cm. ; lp, 0:375 ст. ; 14,,24'5 ст. ; and » 
was ascertained by experiment to be r35. Hence for this magnet 
D = 000358, which is the same as for a rod 130 diameters long, or 
as for a plain slit ring having a slit only уу of a degree wide. 

Professor Ascoli, of Rome, who has devoted much attention to the 
permanency of magnetism, has suggested a graphic method of handling 
the question of tbe degree to which the residual magnetism of a magnet 
is reduced by this self-demagnetizing action. If, neglecting magnetic 
leakage and the resulting variations of I along the body of the magnet, 
we assume a uniform mean value, and if we also assume that the 
demagnetizing coefficient of a given magnet is a constant atall stages in 
the cycle of magnetization, we may then ascertain the intensity of the 
demagnetizing field at any stage as follows :— 

In Fig. ro, let the values of I for any given steel be plotted against 
the values of H, giving the usual loop curve, as determined for a very 


Fic. 10.— Construction for Demagnetizing Coefficient. 


long bar or for a ring, that is tosay, as determined under such conditions 
that self-demagnetizing actions are absent. Suppose that the applied 
magnetizing forces have been carried to a certain maximum, and then 
lowered so as to have the value indicated in the diagram by the length 
O H, and that, following the curve from the highest point M to the point 
F, the intrinsic magnetization I has fallen to the value HF. It is 
desired to learn how much further it will fall in consequence of self- 
demagnetizing influence. To ascertain this, draw from H a line H G, 
meeting the curve at G, making an angle G H F or a, such that tan a is 
numerically equal * to the demagnetizing coefficient. (For example, if 
the magnet has a dimension-ratio of 12, reference to Fig. 7, p. 92, shows 
that its demagnetization coefficient will be o'15; and the angle whose 
tangent is o'15 is about 84 degrees) Then the length GA is the 
corrected value of I; for it is the value of I which corresponds to a 


* This is on the assumption that I and H are plotted to equalscales. But usually 
a much wider scale is adopted for H. Hence the plotted angle will be such that its 


tangent is equal to the numerical value of the demagnetization coefficient multiplied 
by the ratio of the scales used for I and H. 
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magnetizing force equal to the difference between the applied mag- 
netizing force O H and the demagnetizing force AH. Now apply this 
construction to the case where the whole of the impressed magnetizing 
force has been removed. If demagnetizing influences were absent, the 
value of І... would be denoted by the line О К. But drawing the line 
OS making the angle a with O К, we obtain TS as the corrected value 
of the remanent magnetization. 

An example of the use of Ascoli’s construction is afforded by the 
next diagram, Fig. 11, where the steel is assumed to be Remy’s tungsten 
steel, as used for magnets, with Isem of 808 and a coercive force of 63. 
Draw through the value I = гооо a horizontal line, and mark on it the 
points that correspond to values of H equal successively to — 50, — 100, 
and — 150. The sloping dotted lines joining these points to the origin 
will then correspond to the successive demagnetization coefficients of 
0°05, 0'10, and o'15. The first. of these sloping lines corresponds to a 
dimension-ratio (see p. 92 above) of about 25. If, therefore, we were to 


Fic. 11.—Effect of Demagnetizing Coefficient in reducing the 
Permanent Magnetism. 


make of this steel a bar magnet 25 diameters long, its intrinsic remanent 
magnetization would not be І... = 808, but it would, by reason of the 
self-demagnetizing of the bar, fall to the point P, where the first sloping 
line crosses the curve, that is, to about I = 640. Similarly, a shorter 
bar that was only 12 diameters long, having (see p. 92) a demagnetizing 
coefficient of about o'r5, would only retain an intrinsic magnetization 
of about I = 360. 

The influence of the dimension-ratio upon the magnetism of bar 
magnets is shown by some experiments of the late Professor Thomas 
Gray. Using a glass-hard charcoal steel, he found the amount of the 
remanent magnetization to increase regularly as the dimension-ratio 
of the bars was increased, as follows :— 


i . 
Dimension-ratio ‘ss ..! IO, 16| 20| 31| 44] 50 Е Е 


Remanent Magnetization _... |216 256 | 288 | 312 | 344 |376 |512 | 528 


4 


The values of Im do not approach the figure of 800, this being 
a carbon steel; and it appears that the magnet that was only 10 
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diameters long had a magnetization less than half as intense as that of 
amagnet that was 105 diameters long, though both had been subjected 
to equally powerful magnetizing forces. The self-demagnetizing action 
of the short bar is very evident. 

Two other examples of the dependence of the remanent magnetism 
upon the dimension-ratio of the magnet may be cited from the 
researches of Mme. Curie :— 


CARBON STEEL (0°84 % CARBON. QUENCHED AT 770? C. H,=53). 


Dimension-ratio ... .... 20 22 71 | Infinity (ring) 


Remanent Magnetization ...| 420 480 580 640 


TUNGSTEN STEEL (5'5 % TUNGSTEN; 0°59 % CARBON. QUENCHED 
АТ 770° С. Н.==74). 


Dimension-ratio.... aa Е 20 235 | Infinity (ring) 


Remanent Magnetization... .. | 560 680 850 


It was formerly supposed, from the researches of Scoresby, Jamin, 
and others, that a laminated magnet, that is, one built up of steel 
strips assembled together, with common pole-pieces, was more 
powerful than a solid magnet of equal weight and length. In old 
days, before the use of powerful electromagnets to magnetize the steel 
bars or horse-shoes, this may well have been true, provided each 
lamina was separately magnetized as strongly as possible before 
assembly. But with the modern kinds of homogeneous fine-grained 
steels now available, and with modern processes of magnetization, this 
alleged superiority of laminated magnets is illusory. Moreover, Ascoli 
has shown that bundles of wires or of strips possess the same self- 
demagnetizing coefficient as do solid magnets of the same form 
and size. 


HEAT-TREATMENT. 


We will now enter upon the question of the requisite treatment 
which the magnet must receive in the furnace, and in the quenching 
bath, if it is to yield the best performance. But this is only part of a 
much bigger subject, the alterations which steels undergo in their 
physical properties when raised or lowered in temperature. 

It is found that when any kind of steel is steadily heated, or cooled, 
the rise or fall of its temperature is not uniformly continuous, but that. 
there are certain pauses or points of arrest, during which the tempera- 

Vor. 50. 7 


98 | THOMPSON: THE MAGNETISM OF [18th June, 


ture of the material remains temporarily unchanged. Fig. 12* indicates 
the general nature of these pauses. If observations of the temperature 


Carbon 
Tungsten 


erature 


Tem 


Fic. 13.—Cooling Curve of Water. 


are made every few minutes, and plotted as a curve, or if continuous 
observations are made with an electric recording pyrometer, the curves 


* Fig. 12 is taken from the researches of Mr. S. Neave Brayshaw. Figs. 13, 14, 
and 16 are taken from Mr. J. W. Mellor's book The Crystallization of Iron and Steel 


(1965). 
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are found to exhibit these pauses, sometimes more than one, during 
heating or during cooling. For example, a high-carbon steel containing 
r2 рег cent of carbon will show a pause when the rising temperature 
reaches about 730° C., after which it goes on ascending ; and another 
pause during cooling when it has fallen to about 690°C. The low- 
tungsten steel of Fig. 12, containing also about 1°18 of carbon, has the 
nsing pause at 738°, and the pause during cooling at about 716°. 
Similar peculiarities are noticed in the curves which depict the be- 
haviour of some other substances ; as, for instance, the curve of the 
cooling of water when it freezes into ice (Fig. 13). Here, in cooling 
water by a freezing mixture, down to —20° C., the pause occurs at o", 


Fic. 14.—Cooling Curve showing Solidification after Surfusion. 


that is, at the temperature when it freezes. The arrest of the fall of 
temperature until solidification is complete is a very well-known fact ; 
and the pause indicates that at this temperature the physical change or 
transition from liquid to solid takes place. The latent heat of liquidity 
of the water is given up as it solidifies, and during the period in which 
that latent heat is being given up the temperature cannot fall. Suppose 
we take some crystals of common * hypo "—that is, sodium thiosulphate 
—and melt them in a flask. They melt at about 56? C. Let the molten 
liquid be heated up 20? or 30? higher and then left to cool, and let 
observations be taken of the falling temperature. A curious result 
follows. The substance is one which exhibits the phenomenon of sur- 
fusion. It remains liquid even when cooled a few degrees below its 
proper freezing-point, which is 56? C., and may even be cooled down 
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to 25° С., or 20° C., without solidifying. But if it is then caused to 
solidify by contact with a minute scrap of crystal or “hypo,” it begins 
to solidify, and the temperature at once rises to about 56°C.; after 
which solidification the fall of temperature is resumed. Here, again, 
the pause and the kink of recovery, which the curve (Fig. 14) shows, 
indicate a definite transition or change of physical state ; the transition 
being in this case accompanied by such a liberation of latent heat 
that there is not merely a pause but an actual transient rise of tempera- 
ture. Now this phenomenon can be paralleled in the behaviour of 
steel. It was discovered in 1873, by Barrett, that if a bright red-hot 
piece of steel (such as an old file) is watched during its cooling, when 
it has cooled down to a deep red colour it suddenly shines up again 
more brightly, as if it had been heated up from within ; as is indeed 


Fic. 15.—Cooling Curve of Steel, showing Recalescence (Roberts-Austen). 


the fact. It undergoes a transformation of some physical sort, accom- 
panied by a liberation of latent heat which actually makes the 
temperature rise again. The phenomenon is known as “ recalescence." 
It can best be shown by stretching a piece of piano-wire across a 
room, and heating it by passing an electric current through it until 
it is brightly red-hot. On switching off the current it cools, and 
when it reaches the temperature of transition it recalesces; and the 
momentary rise of temperature can be seen not only by its increased 
brightness of glow, but by the expansion which occurs, making the 
wire momentarily sag. 

The cooling curve of certain kinds of steel shows clearly* the 

* Apparatus for observing and recording such cooling curves was originally 
devised by Le Chatelier and by Roberts-Austen, as described in the first Report of 
the Alloys Research Committee in 1891. More distinct results are sometimes obtained 


by adopting a differential method, and by recording in the curves, not the fall of tem- 
perature through a given time, but the time taken to produce a fall of one degree. The 
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occurrence of recalescence. For, as in Fig. 15, the temperature falls 
below that of the transition period (680° C.), then rises about 60 degrees, 
and again falls. 

Now see what is found with pure iron. Ata temperature of 1700? 
or 1800? C. it is liquid, but when it cools to about 1600° it freezes solid ; 
and during solidification there is a large pause in the fall of tempera- 
ture. Then the cooling curve falls steadily until a point, marked Ar, 
in Fig. 16, is reached, when again there is a pause at about 860°; and 
another pause,* marked Ar,, occurs at about 750°. 

These pauses unquestionably mark the transition of the steel from 
one physical state to another, heat being absorbed or evolved during 
the change of state. It was held by Osmond, and with some modifica- 
tion is held by other metallurgists, that they mark the transformation of 


So 


га 
A 


B P 


о 20 60 80 
Fic. 16, —Cooling Curve showing od Points of Pure Iron. 


the iron in the steel from one of its phases or states to another. Thus, 
during heating, alpha-iron on reaching Ac, absorbs some heat and is 
transformed to beta-iron ; and beta-iron on reaching Ac, is transformed 
to gamma-iron ; and the reverse transformations occur during cooling. 
It will be noted that always, and for every specimen, the corresponding 


whole question of the recording of recalescence curves, and in particular of such 
inverse curves, is admirably expounded by Rosenhain in the Proceedings of the Physical 
Sxiely, vol. 21, p. 180, 1907-9. 

* The notation is due to Tschernoff and Osmond. There are, in general, three 
transition points, or points of arrest, in any heating or cooling curve of steel. Those 
on a heating curve are marked Ac, the c indicating chauffement. Those on a cooling 
curve are marked Ar, the r standing for refroidissement. The lowest number is the 
lowest temperature. Thus Ar; means the highest of the three transition tempera- 
tures on a cooling curve. They are usually not very sharply defined, being ranges of 
temperature rather than points ; and they differ in different brands. For instance, 
Ату which for pure iron is at about 860°, is in a mild steel lower, In a 0'02 per cent 
carbon steel Ar, begins at about 840? and extends to about 800°, In a I per cent 
carbon steel Ar; occurs at about 710? or 720°, when it is difficult to distinguish from 
Ar, and Ar;, and the point is then denoted as Ary, 
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transition points are a little higher on the heating curve than on the 
cooling curve. Thus, for the low-tungsten high-carbon steel shown in 
Fig. 12, 4c, is at about 738», and Ar, at 716*. Also, generally, any 
increase in the percentage of carbon lowers the transition points, and 
the presence of other elements—manganese, chromium, silicon, etc. 
—affects them. The non-magnetic gamma-iron, which in pure iron 
exists stably only at temperatures over 860°, will, when carbon is 
present, exist stably to a lower temperature. Ina оз per cent carbon 
steel the gamma-iron will persist stably down to about 780° or 740°, 
when it changes to alpha-iron (or to beta-iron and then to alpha-iron), 
evolving heat and causing the recalescence. In a 0*6 per cent steel 
the change occurs at 735° to 705°. In a r2 per cent carbon steel the 
gamma-iron is transformed straight to alpha-iron at about 690. These 
things are summarized diagrammatically in Fig. 17. 

For us the most important fact of all is that when any specimen has 


0-02% Carbon 


à i Ten erabure 


ime. ime. ime. me. 

Pure Iron. Mild Steel. Medium Steel. Hard Steel. 

Fic. 17.—Cooling Curves for Steels a Different Composition (after J. W. 
Mellor). 


cooled down through the recalescence stage it is capable of being 
magnetized. A steel, if of such a composition that it can harden, 
hardens if quenched at a temperature above recalescence. If it is 
cooled slowly through the recalescence stage and quenched at a lower 
temperature it is not thereby hardened, or only hardened imperfectly. 
And as the coercive force of magnets is bound up with their being 
properly hardened, it is imperative for magnets which are to have the 
greatest coercive force that they shall be quenched at a temperature 
above that at which they recalesce; that is to say, they must be 
quenched at a temperature such that the iron in them is still in the non- 
magnetic or gamma state. And they must be quenched quickly. 

Now this raises the much-disputed question as to the reason why 
steel becomes hard when quenched. An old and fantastic idea, which 
we may at once dismiss, was that some of the carbon solidified as 
minute diamonds. Another suggestion is that in the sudden cooling 
the hard gamma-iron has not time to transform itself into alpha-iron, 
and remains fixed. Another is that the constituent hardenite, an alloy 
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containing about o:9 of 1 per cent of carbon (which if cooled slowly 
has time to transform itself into pearlite), is arrested and remains 
excessively hard. On this view hardenite is in quenched steels the 
hard matrix which holds together the crystals of ferrite, if the steel has 
less than o'g per cent of carbon, or the crystals of cementite, if the steel 
has тоге than org per cent of carbon. No final view has yet found 
acceptance. But why should the hardening by sudden quenching 
confer the power of magnetic retentivity ? Apparently the gamma- 
iron and all the several constituents, whether called ferrite, austenite, 
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martensite, sorbite, hardenite, or cementite, are non-magnetizable at 
temperatures above the recalescence point. Apparently also, from the 
recent researches of Dr. S. W. J. Smith, cementite is non-magnetic * at. 
temperatures above 210°C. Why should the quenching, which pre- 
sumably arrests the transformations that some of these constituents 
would other wise undergo in cooling, render them capable of retaining 
magnetism ? It cannot be said that any satisfactory answer | has yet 

* This is perhaps the reason why magnet-makers consider that those carbon. 
xii which make the best permanent magnets contain less than о‘ per cent of 


t In a paper published after the delivery of this lecture, Dr. S. W. J. Smith 
suggests that ferrite contributes nothing. or less than nothing, to the permanent 
magnetism. 
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been given. According to the modern view, the act of magnetization 
in iron or steel consists in the production of molecular arrangements, in 
which the magnetic molecules, whatever they be, are brought into 
alignment with the magnetizing forces. This is the theory of Weber as 
modified by Ewing, and of its general truth there can be no doubt. 
But this at once raises the question: Why quenching confers on the 
steel the greater power to retain the aligned rows or groups of 
magnetic molecules in position, and to prevent them from instantly 
returning into a miscellaneous disposition when the magnetizing forces 
that have constrained them into alignment have been removed? One 
thing emerges from the conflicting theories: that sudden cooling of 
the steel, at whatever stage, tends to conserve whatever composition, 
structure, or state, the substance possessed at that temperature, and 
which it would have lost if it had cooled slowly. Bearing this in mind, 
it will be evident that rapidity of cooling is as important as the right 
temperature. We must cool the steel, but how quickly, and to what 
degree? It is obvious that if we plunge a brightly red-hot bar into 
ice-cold water it will be chilled more rapidly than if we plunged it into 
hot water, or boiling oil, or molten lead. But if we apply a water- 
Spray at, say, 20° C., it will chill the bar quicker than plunging it into 
water at o°C. Some kinds of steel will not withstand a quenching in 
ice-cold water, but split or crack. Thin bars which present more 
surface, relatively to their solid contents, than thick ones, are more 
rapidly chilled than thick ones, though both are dipped into the same 
brine. Tool-makers and magnet-makers have their own procedures, 
the results of experience; but some of the recipes they follow are 
quite absurd. There is no advantage in adding to the water in the 
quenching tank, stale beer or other organic liquids. By means of his 
hardness testing machine Brincll found the quenching of a o'1 per cent 
mild steel, having previously a hardness of 99 on the Brinell scale,* to 
produce the following hardnesses with the cooling agents named :— 


Temperature of Bath, | Hardness. 


°C. | 


350 112 


Molten lead 


Boiling water 


| 
| 
Wood tar.. M 
Cold water 


Brine 


Soda solution 


* Stead gives following values of the Brinell scale of hardness: Purest Swedish 
iron, 87 ; rail steels, 200 to 210; Clarence pig-iron, 104 to 160; grey mottled, 153 ; 
white iron, 418; hardened steel file, 560. The Brinell testing machine is manufactured 
by Mesors. J. W. Jackman & Co., of London and Manchester. 
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The curves of Fig. 18, which are adapted from data given by 
Le Chatelier, show the rapidity of cooling with the different agents 
named on the curves. A water-spray is the most efficient. Recently 
Messrs. James G. Gray and A. Ross have used liquid air to produce 
extremely rapid cooling. The one really important thing, however, is 
to make certain that the steel before quenching has been heated up 
above Ac, that it is still above Ar, when quenching is applied, and 
that it is entirely cooled in the interior below 47,4, before quenching is 
stopped. It must pass as rapidly as possible through the recalescence 
point; all else is relatively unimportant. An example will suffice. 
Mme. Curie took a bar about 20 diameters long, of a 0:84 per cent 
steel, which when annealed showed feeble retention of magnetism, 
Ien being only 85 апа H. only 8. This steel must be heated up to 
730° (the value of 4с,) to reach the transformation point; and it 
recalesces at 680° (which is 47,4,) on cooling. Now this bar was 
heated up to 705? and quenched in cold water, and then magnetized 
and tested. It was then heated up to 770? and quenched, and again 
magnetized and tested. In the first case it had never reached the 
transformation point, and was not, when being quenched at 705°, in the 
non-magnetic state. Whereas in the second case it had been heated up 
till transformed into the non-magnetic state, and was still in the non- 
magnetic state at 770° when quenching was applied. The following 
were the results :—  : 


——— 


» Iren. H.. 
Annealed — ... 2 - i ges bs 85 8 
Quenched, in the magnetic state, at 705° sie 130 14 
Quenched, in the non-magnetic state, at 770° ... 410 52 


Gm as Ps E —————áÓÀ MÀ Sat 


The same bar was again heated up to 800°, and allowed to cool 
slowly in air until its temperature fell to 690°, when it was quenched, 
with the result that Ij, was 380, and H. бо; little inferior to the 
preceding case. Here the quenching was only just at the temper- 
ature of recalescence. There could be no clearer proof of the absolute 
dependence of the coercive force upon the quenching being so con- 
ducted as to carry the steel quickly through the recalescence stage. 
Now the file-makers are quite familiar with recalescence, and know that 
the file will not harden properly in the quenching bath until it is first 
heated abovc the temperature of recalescence. A very good instruction 
for quenching magnets would be to say to the practical workman : heat 
and quench as you would for a file. And it is a rule with the workman 
that “quenching at the lowest temperature at which it will harden 
Produces the strongest and toughest tool.” * Mr. Brayshaw has re- 


* B. E. Jones. See also V. A. Stobie, Journal of the Institution of Electrical Engineers, 
vol. 42, p. 675, 15со. But this is not necessarily true of high-tungsten steels. 


106 THOMPSON: THE MAGNETISM OF [18th June, 


marked that in the hardening both of tool steels and of magnet steels 
there is a great difference between the hardening that is good and the 
hardening which is best. 

Here the point arises whether there is any advantage in heating 
up the steel, prior to quenching, to a considerably higher temperature 
than 4c, And this raises the whole question: of the prior heat-treat- 
ment of the steel. In the processes, whether of rolling, drawing, or 
forging, by which the magnet is brought to the desired form, the steel 
is mechanically altered in its structure. Its crystalline grains are 
dragged over one another and deformed. Steel that has in this way 
been “ worked” differs from a mere 
steel that has been cast ; it is no 
longer homogeneous. Hence it is 
important to “normalize” the steel 
by a preliminary slow heating up to 
850°, or goo" (or even higher), and 
after being kept at this height for 
a few minutes, cool in air to recrys- 
‘tallize the substance with a fine 
grain. 

Mme. Curie has examined the 
effect on the magnetic properties 
of the temperature to which the 
hot steel is carried before being 
quenched. The results for carbon 
steels are graphically shown * in 
Fig. 19. It will be noticed how 
useless the low-carbon steels are. 
The 084 per cent carbon steel, 
with Im 426, and H. 53, when 
quenched at 770°, showed distinctly 
Fic. 19.—Diagram of Carbon Steels. WOTSE properties if quenched at 

Researches of Mme. Curie. 975°; the remanence falling to 358 

and the coercive force to 48. The 
best result was the 1:20 per cent carbon steel, hardened at 770°, 
giving a remanence of 460 and coercive force 60. But this steel 
when heated to 9o5? degenerated, giving a remanence of only 264, and 
a coercive force of only 48. So far as carbon steels are concerned 
therefore, it appcars that it is a distinct disadvantage to quench at 
temperatures greatly above the recalescence point. Mme. Curie also 
tried the effect of a cyclic variation between temperatures a little 
above and a little below that of recalescence. Any specimen carried 
through such a cycle undergoes two transformations. She fourtd that 
for the high-carbon steels the effect of carrying the specimen one or 


* |n Mme. Curie's memoir no curves are given for these steels, onlv statistics of 
numbers. In Fig. 19 these numbers are plotted on the axes, and simplv joined 
by straight lines, without attempting to reconstruct the curves. So also in Fig. 21, 
to the same scale, for the magnet steels for which Mme. Curie gives the curves. 


1912.) . PERMANENT MAGNETS, 107 


more times through such cycles is generally to improve the quality, 
and, in fact, may repair the deterioration produced by overheating. 

Gumlich has recently shown that in carbon steels having more 
than about o°6 per cent of carbon, the coercive force on hardening 
at 800° is greater than that after hardening at 9oo? ог at 1100°, 

Recently Messrs. J. G. Gray and A. Ross have given some data 
of a Whitworth tungsten steel, of composition 4’o1 per cent tungsten, 
0°51 carbon, o'13 manganese, o'19 silicon, of which a rod 111 diameters 
long was magnetized in a field of H=150. Annealed from goo? it 
showed a remanence of 540 and a coercive force of ro only. If 
reheated to goo® and quenched at 450°, the respective values became 
570 and 7'5. But reheated and quenched at 980° the remanence rose 
to 610 and the coercive force to 37. 

In none of the preceding examples were the specimens tempered : 
they were all in the hardened state as they came from the quenching 
bath. But since many magnet-makers temper their magnets after 
hardening them, some consideration of this process is necessary. 


TEMPERING. 


Tempering is a well-known term meaning softening * the steel by 
a more or less gentle reheating. The workmen in the steel industries 


TEMPERING OF STEELS. 


| Deg. C. | Tint of Film. Service. 
220 | Pale straw Short bar magnets, lancets 
230° Straw Razors and tools for turning cast 
iron 
240° Yellow Tools for turning wrought iron, pen- 
| | knives, short compass-needles 
260° , Orange Long bar magnets, cold chisels, 


| planes, gauges, hatchets, drills 
270° | Orange to purple Chipping tools, tools for turning brass 


280° Purple Strong springs, sword blades 

300° Blue Compass needles,  watch-springs, 
| fret-saws 

320° : Pale blue Large saws 


are accustomed to judge of the degree to which a stecl has been 


* “The use of the word femper by translators, and persons more or less remotely 
connected with the usages of the steel trade, to denote a change brought about by 
quenching from a high temperature, which every craftsman calls hardening, leads 
to confusion, and should be abandoned entirely."—H. Brearley, The Heat Treatment 
of Tool Steel, 1911, p. 9. 

_ The following quotation from p. 26 of The Nomenclature of Metallography, officially 
issued in 1902 by the Iron and Steel Institute, is authoritative :— 

“ TEMPERING.—{ Regulating ; hence, in the special case of modifying the maximum 
hardness of steel, rendering softer.) The act of partially or wholly undoing what has 
been previously done by ‘hardening.’ Tempering must be preceded by ‘ hardening.’ 
The term ‘oil-tempering’ [meaning quenching in oil] which has obtained some 
currency, should be ‘ oil-hardening,’ as the result of the process referred to is to 
harden, whereas to temper is to withdraw or modify previously conferred hardness.” 
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softened or let down in temper by the tint which it assumes on the 
surface in consequence of the formation of a film of oxide. The 
following table states briefly the chief services for steels of different 
tempers, and the temperatures to which the steel must be reheated 
to attain the respective tints. There is some indefiniteness about the 
matter, because a higher temperature applied for a short time will 
confer the same tint as a lower temperature for a longer time. Thus 
a razor-blade heated at 230°C. for 20 minutes acquires a straw tint ; 
and a saw-blade (itself of a lower-carbon steel) if heated in a muffle 
at 320°, will in two or three minutes turn straw-colour; and, if the 
heating is prolonged, will then turn yellow, then orange, then purple, 
and finally blue.* If heated to 400?C. (just under a red heat) all the 
colour goes, the steel being then annealed soft. 

The question of there being any advantage in tempering bar magnets 
was investigated over twenty years ago by Barus and Strouhal.4 
They used wires of “ English silver steel,” { which were very care- 
fully selected, and from which were cut a number of rods of different 
lengths so as to have different dimension-ratios, varying from 
Io diameters long to 50, or in some cases 120 diameters long. The 
specimens were first heated bright red hot and quenched with cold 
water so as to be all glass-hard. They were then systematically tem- 
pered by heating in steam at roo? for an hour, then for 2 more, 3 more, 
and 4 more hours; then in aniline vapour at 185? for 20 minutes, 
40 minutes, 2 hours, 4 hours, 6 hours ; then in a molten lead bath at 
330? for 1 minute, then for 1 hour ; also in molten zinc at 420?; finally 
annealed by heating to visible redness and slow cooling. Between 
each successive stage measurements were made on their hardness and 
on their specific magnetism, that is, on the amount of magnetic 
moment per unit of mass, which they retained after being well 
magnetized. The table on page 109 gives a brief summary of only one 
series of these elaborate experiments. 


* The following quaint instructions for the fashioning of compass-needles are 
taken from the Magneticall Advertisements of William Barlow, printed іп 1616. “ The 
substance in any wise ought to bee pure steele, and not iron. For most assuredly 
steele will take at least tenne times more vertue then iron can doe, but especially 
if it hath his right temper. Апа that is this: Heat it in the fire untill it be past red 
hot, that it be whitish hot, and quench it in cold water suddenly : So is it brickle 
in a manner as glasse it selfe, and is at that time incapable of the vertue of the 
Loadstone. Then must you, laying it upon a plaine table, warily rubbe with fine 
sand all the blacke cullour from it, if before you put it in the fire, you annoynt it 
with soape, it will scale white of it selfe, then heat a barre of iron well neare red hot, 
and holding one end of the needle with a small paire of tongs, lay the other end upon 
the hot barre, and presently you shall see that end turne from a white to a yellowish, 
and after to a blewish cullour, then take that end with your tongs, and doe the like 
unto the other, thrusting it forward upon the barre until the cullour of the whole 
needle become blewish : then throw it on a table, and let coole of it selfe : and so 
is he of the excellentest temper, and most capable to receive the greatest power from 
the Magnet" (p. 67). 

t The Electrical and Magnetic Properties of the Iron Carburets, by Cari Barus 
and Vincent Strouhal. Washington (United States Geological Survey), 1885. 

t A carbon steel containing trom 1 to about 1°25 per cent of carbon, and very 
carefully melted in the crucible so as to have a fine grain with a silvery 
fracture. Formerly it was supposed to have a trace of silver in it; but analysis has 
never shown any. 
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In Fig. 20 the results are plotted out. One fact leaps at once into 
view : that, whether the steel be hard or soft, long bar magnets retain 
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State of Temper. Hardness. Mean Remanent Magnetization, Lem. 


Mais! sug à 30 | 6 = 40 


| Glass-hard ee 457 188-0 | 300°8 | 348:8 | 37270 изе 

Straw tint - 26:3 172-2 | 321°6 | 39672 | 430'4 | 452°0 
· Blue tint jus 20°5 154°4 | 3664 | 536°0 | 643°2 | 698°4 
| Annealed soft ... 15'9 | 354 | 89'6 | 164'0 | 2544 | 3568 


a higher magnetization than short ones. A glass-hard bar 5o diameters 
long retained twice as much as one ro diameters long ; and a perfectly 


о 2 20 
Fic. 20.—Result of Tempering E. Steel m M — 


Soft bar so diameters long retained ten times as much as one 
10 diameters long. This table gives no values for the coercive forces, 
and does not state with what degree of fixidity these values were held. 
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Another inference from the table is that for short bars, a glass-hard 
state is the best, since each successive degree of tempering lowered 
the remanent magnetization. For the long bars, 50 diameters long, it 
appeared that while Ij, had the value 386 for the glass-hard state, 
the value rose to 452 in the straw-tint temper, and to 698 in the blue 
temper. Clearly, tempering had raised the susceptibility of the steel ; 
but this does not prove the blue temper to be superior, since it tells us 
nothing about the fixidity. It is certain that in the blue temper the 
coercive force must have been less than in the straw temper or in the 
glass-hard state. 

So far, as regards carbon steel. But when we turn to the alloy 
steels we find the facts to be no 
less significant. On this topic no 
researches are more iniportant than 
those of Mme. Curie. 

Fig. 21 gives the results for five 
carbon steels and for one quality of 
tungsten steel, namely, Allevard, 
having 5:5 per cent of tungsten, and 
0'59 per cent of carbon. The two 
curves for high-carbon steel (0:84 
and 1'2 per cent of carbon respec- 
tively) are about as good as can be 
found for any carbon steel, giving 
Tem as 670 and 645, апа H. as 58 
and 53 respectively. These high 
values relate to specimens formed as 
rings, for which the dimension-ratio 
is therefore infinite. The Allevard 
steel not quenched gave Im goo 
and Н. only 26; but when 
quenched at 770° C. it gave I. 
850 and H. 73. Another ring of 

Fic. 21.—Diagram of Magnet Steels tungsten stecl from Assailly, con- 
(Researches of Mme. Curie). taining 2°7 per cent of tungsten and 
0°76 of carbon, gave 800 and 69 as 
the corresponding values. The same steel as a bar about 20 diameters 
long gave only 500 and 68 as corresponding values. A very hard special 
Styrian steel, * Boreas steel" of Bohler Bros., containing 777 per cent 
of tungsten and 1°96 per cent of carbon, quenched at 800° C., showed 
a coercive force of 85, but a remanence of only 370, in a bar about 
20 diameters long. This steel is a self-hardening tool steel, very 
dificult to work. For short bar magnets it would surpass all other 
tungsten steels. 

Mme. Curie also examined a molybdenum steel, having 3} to 
4 per cent of molybdenum, and from 1°25 to 172 of carbon. That 
with 1°25 surpassed even Boreas steel, as it gave Н. of 85 with I, of 
530 even in a bar only about 20 diameters long. The brand having 
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r72 of carbon quenched at 745° gave H.=73, Trem = 465. If 
quenched at higher temperatures the values of the coercive force 
increased slightly, while those of the remanent magnetization fell 
considerably. 

In view of these remarkable facts, and the widespread recognition 
given to the value of the tungsten steels, it seems important to add 
an epitome of our present knowledge concerning tungsten steels in 
general, and their properties as dependent on heat-treatment. It 
appears that those tungsten steels that have been found good for 
magnets fall under two groups: (1) those containing from 5] to 7 or 
8 per cent of tungsten with about o'5 per cent of carbon, and (2) 
those containing 24 to 34 per cent of tungsten with about 1 per cent 
of carbon. Those with the higher proportion of tungsten are of course 
dearer. The preference shown to high-tungsten low-carbon steels 
over the lower-tungsten higher-carbon steels may be due to the 
circumstance that the former are somewhat more easy to work. There 
are, of course, tungsten steels with other proportions. It will be con- 
venient to regard those of the second group as medium tungsten stcels. 

The standard source of information on the composition and pro- 
perties of tungsten steels is the well-known paper of Sir Robert Hadfield, ` 
in the Journal of the Iron and Steel Inslitulefor 1903, pp. 14-118. From 
this paper it appears that metallurgists hold that tungsten does not of 
itself harden iron ; but that it helps to prevent such carbon as is present 
from segregating (as it would in a very high-carbon steel) as graphite, 
or (as it would do in a moderately high-carbon steel) from separating 
itself as carbide of iron (cementite), and to maintain it in the con- 
dition of hardening carbon—that is, as either a solution of cementite in 
hardenite, or perhaps as a sub-carbide of iron. Certainly the presence 
of tungsten tends to prevent the formation of large crystals, and to 
promote the retention of a very fine grain with a silky fracture. 
Chromium also tends to maintain carbon in the hardening condition, 
and probably manganese and vanadium act similarly. All these metals 
tend of themselves to lower the magnetic permeability of the steel, but 
tungsten in a moderate percentage does so to a less extent than do 
chromium, nickel, or manganese. If Mushet steel is heated to about 
850° and cooled slowly, a marked recalescence occurs at about 660°. 
High-tungsten steels, such as Mushet's, can be softened by heating 
to a temperature below redness and then quenching in water. 
Steels, generally, soften by being annealed at a temperature imme- 
diately below that of the point at which their transformation point 
during heating (4c,,,) occurs. The addition of tungsten may produce 
à steel which has its recalescence point actually below visible red, 
and such a steel is self-hardening in air without being quenched in 
cold water. Osmond remarks of Hadfield's tungsten steels that they 
show three distinct cases of heat behaviour. (1) If not heated above 
850° they show cooling curves similar to those of carbon steels 
with the same carbon content. (2) If heated to 1040°, the higher 
transformation points Ar, and Ar, are not altered, but 4r, is lowered 


112 THOMPSON : THE MAGNETISM OF (18th June, 


(3) If heated to 1300? the transformation points 47, and Ar, are also 
lowered and tend to rejoin Аг. There follows this significant if para- 
doxical result, that quenching a tungsten steel at 600° will yield soft, 
medium-hard, or very hard product according to the temperature of 
immediate previous heating. Dumas, commenting on this, suggests 
that prolonged heating to the higher temperatures tends to separate a 
double carbide of iron and tungsten, while double carbide is not 
dissociated at 850°. Osmond has made observations on Allevard steel, 
which may be summarized thus :— 


Temperature | Transition Condition 
of Heating. Я Temperature. after Quenching. 
920 695—685 Soft 
1015 675—665 Soft 
1310 505—485 Soft 
| 


Temperature Temperature Condition 
of Heating of Quenching. after Quenching. 


Mild 
Hard but filable 
Very hard 


Hadfield’s paper of 1903 contains cooling curves taken by Osmond 
from a number of specimens of tungsten steels prepared by Hadfield. 
From these curves Figs. 22, 23, and 24 are selected. They relate to 
four alloys of the following compositions :— 


Percentage Content. 


Mark of 
| Alloy. 
Tungsten. Carbon. Silicon. Manganese. 
p 0'20 O'I5 0°04 0°22 
€ » . 
"G 1°49 
u H ” 3°40 


"P" | 833 
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The curves are constructed as differential curves in which the 
abscissze are proportional to the number of seconds taken to fall 
through a given range of temperature. It will be seen from Fig. 22 
that the steel “ B,’ which is a low-tungsten steel, differs in no 
respect from that of an ordinary carbon steel, while the curves “С” 
and *H," which are for medium-tungsten steels, show a lowering of 
Ar, and of Ar, In the high-tungsten steel “J,” containing 8°33 per 


OSMONDS COOLING CURVES 
(From Hadfield) 


В, lurgsten 0-20 Carbon 015 
[ 8. oreste 7-49 Carbon ozi 


T Jungsten 8-90 Carbon 028 


P lungsten 4-33 Carbon 0-46 


FIG. 22. 


cent of tungsten, this effect is still more strongly marked. Also the 
medium-tungsten steel “ H,” Fig. 23, when not heated above 850°, shows 
no lowering of the transformation points, as compared with a carbon 
steel of equal * carbon content. But when cooled from higher tem- 
perature it shows the lowering of Ar, and even of Ar, and Ar, 

In the case of the 8:33 tungsten stecl “ J,” the effect of raising the 


* Whether tungsten forms a double carbide in the hardening constituent is an 
uncertain point. Some light might be thrown on this and kindred points, if instead 
of stating the mere percentages present, the chemical compositions were stated in 
terms of the relative numbers of gram-molecules present. 


VoL. 60. 8 
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temperature prior to cooling is brought out ; for when not heated above 
850° the recalescence point occurs at about 680°, whereas after being 
heated up 1040? the recalescence point is lowered to 500°, and after 
being heated to 1920? it is still further lowered. 

From the general trend of Hadfield's observations, it would appear 
that the best results as regards hardening would be to choose a steel 
containing from 4'5 to 6'5 per cent of tungsten, from o'4 to 1*5 per cent 


°C OSMONDS COOLING CURVES 
(from Hadfield) 


о 
900 


Tungsten Steel Н 


Tungsten 3-40 
Carbon 028 


308 


Fic. 23. 


of carbon, from o'2 to o'4 of manganese ; forge as cool as possible ; 
heat to 1310? for a short time; allow to cool to 600°, then quench. 
In forging tungsten steels the usual rule is: heat to a yellow heat 
(about rooo? C.), and do not go on forging after the temperature has 
fallen to a medium red (about 760?). 

In the discussion of Hadfield's results, Barrett remarks that in the 
steel containing 8°33 per cent of tungsten there appears a new 
transition point below the usual 4r, ; that this point occurs at 530° to 
490° ; and that it is specifically due to tungsten. | 

Аз the result of Hadfield’s researches оп the alloy steels (including 
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also the manganese steels and nickel steels), we know now of three 
types of material :— | 


1. Those for which the transformations occur at or above the 
temperature at which iron becomes magnetizable (soft iron 
and mild steels) ; | 

2. Those for which the transformation that confers hardness 
occurs at a temperature below that at which iron becomes 
magnetizable, but above ordinary atmospheric temperatures 
(high-carbon steels and the hard-alloy steels) ; 


OSMOND'S COOLING CURVES 
(from Hadfield) 


Tungsten Stee/ “J” 


Tungsten 8-33 
Carbon 0-96 


FIG. 24. 


3. Those for which the transformation that confers hardness 
occurs below ordinary atmospheric temperatures, and 
which can become magnetizable (if at all) by prolonged 
heating and very slow cooling (Hadfield’s manganese steel, 
and certain nickel and chrome steels). 

Materials of the first type are magnetic, but are useless for per- 
manent magnets. Materials of the third type are self-hardening, but 
non-magnetic. Materials of the second type are hardening, and some 
are self-hardening, but are magnetizable. 


е 
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In a research on the stability of magnetism in 1902, Ascoli com- 
pared with Allevard steel a tungsten steel containing 4'16 per cent of 
tungsten and r'15 of carbon from the steel works of Glisenti, near 
Brescia, and found it to be almost equally excellent, and indeed better 
for long magnets. 

In a paper read before the Iron and Steel Institute in 1907, Mr. T. 
Swinden described the properties of a number of steels containing 
about 3 per cent of tungsten and with carbon content varying from 
o'14 to 1'24. He showed that with all these steels if they are heated up 
to a high temperature (960? for low carbon, to 1,130? for high carbon) 
the temperature of recalescence is thereby lowered to about 570°. 
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FiG. 25.— Relation between Remanence and Carbon Content in Medium- 
tungsten Steel. 


In a second paper read to the Institution of Electrical Engineers 
in 1909,* Mr. T. Swinden described an investigation into the magnetic 
properties of this same series of medium-tungsten steels containing 
from 3 to 3°25 per cent of tungsten, and of carbon content from o'144 
to r'o7 per cent. He used bars having a dimension-ratio of 32. His 
conclusions are therefore not directly applicable to high-tungsten steels 
or to magnets having other dimension-ratios. His specimens were 
treated as follows: They were normalized by heating to 950? for 
I5 minutes, and cooled off in air. To harden them they were heated to 
goo” (changing the excess cementite cell-walls to mere specks) and then 
cooled to 810°, or 780°, or 760°, or 740°, according to the carbon content, 
and then quenched. They were tempered by three successive stages : 
(1) at from 60° to 75° for 14 hours; (2) at from 80° to 85° for 13 more 


* Fournal of the Institution of Electrical Engineers, vol. 42, p. 641, 1909. 
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hours ; (3) at 400? for 1 hour. At each stage of the process they were 
examined magnetically to ascertain the value of the remanence and of 
the coercive force. Fig. 25 shows the variation of the remanence with 
the carbon content, and Fig. 26 the variation of the coercive force 
with the carbon content,* both diagrams relating to the hardened and 
to thetempered steels. It will be seen that in these 3 per cent tungsten 
steels tempering is useless. Also the maximum remanence occurred 
when about 0'45 per cent of carbon was present ; but the coercive 
force showed an increase up to the highest proportion of carbon. 
Had bars of greater dimension-ratio been used, for which the self- 
demagnetizing factor is smaller, the remanence curve for the lower 
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Fic. 26. —Relation between Coercive Force and Carbon Content in Medium- 
tungsten Steel. 


percentages of carbon would have been higher, and the maximum 
would have occurred with a softer steel. The table on page 118 15 a 
sample of the results upon a steel having 3°08 per cent of tungsten 
and o'89 of carbon, quenched at 760°. 

In 1910 Mr. Shipley N. Brayshaw brought before the Institution of 
Mechanical Engineers a research on the hardening of carbon and 
low-tungsten tool steels. Though this paper deals only slightly with 
magnetic matters, it is of great importance from the thoroughness with 
Which it handles the heat-treatment and mechanical properties of these 
steels. Two qualities only of steel were examined, namely, such as are 
used for making milling cutters: (1) a carbon steel containing from 
(14 to 1'16 per cent of carbon, with 0°37 to 0'4 of manganese ; (2) a 


* Fig. 26 should be compared with Fig. 3, the corresponding diagram for pure 
carbon steels. | | 
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tungsten steel containing 0°47 to 0°57 of tungsten, with 1°15 to 1°16 of 
carbon and 0'42 to 0°57 of manganese. This low-tungsten steel 
recalesces in the range from 731° to 725°. The recalescence point is 
retarded, that is, lowered, if the steel is previously heated to 890°. The 
hardening point (Ac,,,) is definite within six degrees. Brayshaw 
employs a bath of molten mixed chlorides of sodium and potassium in 
which to “soak” the steel before quenching. If heated above the 
recalescence point, and then soaked at a temperature between Ac and 
Ar, and then quenched, it is softer than if so soaked without previous 
heating. If raised more than twenty or thirty degrees above the 
recalescence point, and then quenched, the hardness is less than if 
quenched without being heated so high. Identical results are pro- 
duced on quenching in oil from temperatures anywhere between 760° 
or to 940°. Heating for a short time to 810° or to 880° before quenching 
produces great hardness, but 30 minutes’ soaking at such temperatures 
impairs the steel. Soaking for even 74 minutes at 880° impairs the 
steel. Quenching in brine at 5° is perceptibly better than quenching 
in brine at 24°. The ill effect of heating for 30 minutes at 840° to 


Coercive Force. 


Remanence. 


Quenched at 760° jus oa 584 58:8 
Reheated 60-75°, 14 hours a 583 58:6 
Reheated 80—85°, 13 hours du 582 57 


Annealed 400°, 1 hour ... “ad IIS9 217 


900° is scarcely improved by soaking for 30 minutes at 760°. A good 
result is obtained by a short soaking at 880*, followed by a lowered 
temperature ; and best when this lower temperature is near or a little 
above the hardening point. Thus on a steel with o'5 per cent 
tungsten, r'x5 of carbon, 0°31 manganese, and or21 silicon, a 10 
minutes’ heating at 893° followed by 30 minutes at 731? yielded a 
" hardness of боо (Brinell's scale), while if the lower temperature was 
prolonged for 120 minutes the hardness fell to 418, and after 240 
minutes to 321. 

Holborn, in 1891, examined several sorts of tungsten steel to ascer- 
tain what was the most favourable temperature to which they should 
be heated for quenching. For Bóhler's steel with 2:8 per cent of 
tungsten and 1°05 carbon, and for Seebohm's steel with 2:16 tungsten 
and 1°14 carbon, he found (for rods of dimension-ratio 11) the best 
temperature to be 850°. With higher temperatures the remanence 
was less. 

At the present day tungsten steels are used by almost all magnet- 
makers. Messrs. H. Shaw & Sons, of Sheffield, the old-established 
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frm which for three generations has made most of the horse-shoe 
magnets sold by cutlers, and those used by potters, as well as magnets 
for compasses, still use plain carbon steel (0:64 per cent of carbon) for 
cheap commercial magnets, on account of the price ; but for higher 
grade magnets they use tungsten steels or other steels of special com- 
position. In France, Allevard steel and Marchal steel are almost ex- 
clusively employed. In Germany, Remy steel is undoubtedly the most 
generally employed. Large quantities of tungsten steel for magnets 
are every year exported from Sheffield and from Germany into the 
United States. Tungsten steel is invariably used in the magneto- 
generators employed for ignition in automobiles. Professor W. Brown 
examined chromium steels containing from 0'75 to 9'5 per cent of 
chromium. They have high coercive forces; but there seems no 
advantage in adding more than 24 or 3 per cent of chromium. 

À few remarks may be added concerning modern self-hardening 
high-speed tool steels ; for though their magnetic properties are as yet 
mostly unexplored, these brands can now be obtained commercially ; 
and if they can be brought by quenching into the magnetizable state, 
their extreme hardness would suggest their being possessed of very 
great coercive force. The Taylor-White high-speed steel, used for tools 
for turning hard steel, has the composition of tungsten 8'5 per cent, 
carbon 125, and chromium 4 per cent. Another high-speed steel which 
works well as a tool, even when red-hot, contains tungsten 5, molybde- 
num 4, and chromium 4 per cent. Other self-hardening steels, accord- 
ing to Brearley, contain very varied proportions ; tungsten from 2°44 to 
24 per cent, carbon o'4 to 2°19, chromium o to 6, silicon 0'21 to 3; 
manganese being sometimes used instead of chromium. There is a 
tendency to use more tungsten and less carbon than formerly ; a much- 
used proportion being 12 tungsten with o'8 of carbon. Vanadium 
steel with то per cent of vanadium and r'r of carbon, quenched at 
white heat, is still harder. 

We have seen that some kinds of steel will give a remanence of as 
much as 800 or goo, with various values of the coercive force up to 
50, 60, 70, or even 73 (see table on p. 85). We have also seen that 
some other kinds of steel will give coercive forces of 70 or 75, even up 
to 8o ; but these generally have values of the remanence (even in cases 
of zero demagnetization coefficient) under 700. The ideal sought for at 
the present time is a steel of such composition that, when properly 
treated, it shall have a remanence of 800 and a coercive force of 8o. 
No such steel has yet been produced ; but assuredly it is not unattain- 
able. And with the great modern advance in metallurgical knowledge, 
it is not beyond the bounds of hope that some day a steel may be 
produced with a remanence of ооо and a coercive force of тоо. 
Researches on the alloy steels from this point of view are much needed. 


MAGNETIZATION. 


All the old processes of single touch and double touch may be at 
once set aside in favour of the modern method of using an electric 
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current. In the case of bar magnets they are magnetized by putting 
them inside a long magnetizing spiral at least twice as long as them- 
selves, or for short bars by placing them between the poles of a suitable 
electromagnet. In the case of horse-shoes they are magnetized by 
placing their poles in contact with the poles of a suitable electro- 
magnet. In either case the field to which they should be subjected 
should not be less than H = 250. And, since values twice as great can 
readily be reached with a magnetizing spiral (requiring, in fact, a 
circulation of about 1000 ampere-turns per inch length of the tubular 
coil), this is a simple matter. For horse-shoes, if the electromagnet is 
one in which there can be a total number of amperc-turns not less than 
500 times the number of inches of length along the steel of the magnet, 
it will suffice, though a higher number has some advantage. For 
ordinary steels it makes little difference either to the remanence or to 
the coercive force whether the value of the ficld to which it is 
subjected Бе Н = 100 or Н = ооо. For hard tungsten steels it is 
advisable to use the strongest fields available. To produce a field of 
Н —1: along t-in. length of air requires a circulation of 2°02 
ampere-turns. To produce a field of H = 1000 requires, therefore, 
2020 ampere-turns per inch. If a horse-shoe having a total length of 
Io in. of steel is to be subjected to a magnetizing force equivalent 
to Н = 5оо, the electromagnet against which its poles are placed 
should be excited by at least 10000 ampere-turns ; or if its coil is of a 
wire that will carry ro amperes, it should have at least 1000 turns—a 
requirement easily fulfilled. Little depends on the duration of the 
operation. Lord Rayleigh has shown that the resulting magnetism de- 
pends on the maximum value, not on the duration of the applied field. 
When a very strong magnetizing current is applied only for a moment, 
the operation is called “flashing.” There is a slight advantage in 
repeating the magnetization a few times by turning off the current, and 
turning it on again. There is a slight advantage in subjecting the 
magnet to mechanical agitation, by percussion, during the application 
of the magnetizing force. There is also a slight advantage in not 
turning off the current too suddenly, since any electric oscillations pro- 
duced at the break of the circuit are deleterious. It hasat various times 
been suggested to magnetize the magnet while hot, and to keep it 
under the influence of the magnetizing forces while it cools. Any 
advantage gained by this awkward process may be better reached by 
the simpler way of using when cold a somewhat more powerful 
clectromagnet. 

One special arrangement employed at the Thomson-Houston works 
for magnetizing the magnets used in electricity meters is worthy of 
mention. These magnets are of a horse-shoe shape with the flat limbs 
brought near to one another in parallel planes with a narrow gap 
between them (see Fig. 8. When such magnets are applied to the 
poles of the magnetizing electromagnet (the poles of which are neces- 
sarily very close together), there is a considerable tendency to magnetic 
leakage across the gap. In order to oppose such leakage and drive the 
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magnetic flux round the bend of the steel, a rapidly revolving copper 
disc is lowered into the gap during the application of the magnetizing 
forces ; the eddy-currents induced in the disc tending to oppose any 
flux through it. 


MATURING OF PERMANENT MAGNETS. 


It is a commonplace that ordinary so-called permanent magnets are 
apt in the course of time to lose a part of their magnetism and to 
become weaker. I have already alluded to the deleterious effect of 
slamming on the “keeper.” But there are several causes which con- 
tribute to the decay of the magnetism of magnets. Mechanical shock, 
changes of temperature, contact with other magnets or with iron, 
exposure to demagnetizing forces, are amongst these. Apparently the 
mere lapse of time effects a deterioration. Put a newly made and 
newly magnetized magnet, after measuring its strength on a magneto- 
meter, on a shelf in a dry, cool cellar by itself, and you will find if you 
measure it again after a few weeks or months that its magnetism will 
have diminished.* Put it ina window where the sun can shine on it 
by day, and the periodic warming and cooling of day and night will 
cause its magnetism todecay more rapidly. Long bars and horse-shoes 
and other nearly closed forms are found to deteriorate more slowly 
than short bars ; doubtless because their self-demagnetizing coefficients 
are less. But in all magnets there seems to be a definite law of decay, 
by virtue of which there appears to be a limit down to which each 
tends. Briefly, in every newly made magnet, the so-called permanent 
magnetism appears to consist of two parts, a removable or sub- 
permanent part which slowly decays, and a really permanent part. 
Mechanical shocks and charges of temperature promote the dis- 
appearance of the removable part; for an old and well-used magnet, 
though weaker than it was when new, is, as Lamont found,+ much more 
constant in its magnetic power than anew one. The law of decay is 
illustrated by Fig. 27, where the heights of the ordinates represent the 
strengths of the magnet, diminishing as time goes on. The height T 
represents the temporary or removable part of the remanent magnetism, 
and the height P the really permanent part. The time taken to settle 
down to constancy, and the proportion that is really permanent, vary 
vastly with the quality of the stcel, and with the dimension-ratio ; for 
in short bars there is always a self-demagnetizing force, proportional to 
the magnetism present, tending to produce decay, and the soft steels 
with small coercive force must go on losing their strength until the 
self-demagnetizing force is so weak that the coercive force is able to 

* Newly hardened steel appears to undergo a slow change for months or years. 
Brant, in 1909, measured the hardness of 20 г. ds of Stubbs's steel, which bad been 
made glass-hard by Barus in 1885, and found (using Barus's electrical method of 
measuring hardness) that they had in twenty-four years lost nearly 20 per cent of 
their hardness. Other materials show secular changes in their properties. Every 
thermometer-maker knows how glass after having been melted goes on slightly 
contracting for many months. 


1 Lamont. found that a new bar magnet lost from 15 to 35 per cent of its 
strength on being dropped on a hard floor, while an old one lost less than I per cent. 


122 THOMPSON: THE MAGNETISM OF (18th June, 


cope with it. Assuming that no specially deteriorating actions, such as 
violent shocks or considerable changes of temperature, etc., are present, 
the progress of the decrement in strength ought to be logarithmic ; 
hence the curve of Fig. 27 ought to be represented by the equation— 


У Р + Te а 


where у, represents the ordinate at any time /, and where а is the 
coefficient of logarithmic decrement. This formula was proposed by 
Hanstcen. 

Those who are concerned with measurements of terrestrial mag- 
netism have long been aware of the decay of strength of the thin bar 
magnets used as standards. Measurements of the progressive loss of 
power of bar magnets have been made by many observers—Lamont, 
Airy, S. H. Christie, Cancani, Loomis, and others ; and the temperature 


Fic. 27.— Curve of Decay of Magnetism. 


coefficients connecting the variations of strength with rise and fall of 
daily temperature have often been determined. 

Lamont, using thin carbon-steel rods (knitting-needle steel) for 
terrestrial magnetic measurements, found the decay to be greater in 
summer then in winter. The following are his data for the monthly 
losses, taking the initial magnetism as unity :— 


1848 1849. 
January - sibs m -— 0°0000 0°0000 
February  ... e -— see 0'0003 O'OOOI 
March she vis А x 00003 00002 
April... Sas sis = is 0°0008 0°0005 
May ... ang whe “© RES 0'0014 0°0007 
June ... see 24 wes xs 0°0022 O'OOII 
July ... 8 ue nes s 0°0028 00016 
August гга es Vis oe 0°0032 0°0022 
September ... see -— А 0`0028 0°0022 
October sàs эз m -— 00017 0°0013 
November ... ee — dx 0'0009 0'0007 
December ... vais n bn 0*0005 O'OOOI 


Total loss in year ... 0'0169 0`0107 
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Barrett, Brown, and Hadfield examined a number of alloy steels in 
the glass-hard stage, as to the amount of loss in six months from their 
being magnetized in a field of only Н 245. They were bars with 
dimension-ratio of 33. A bar of Swedish charcoal iron of about the 
same dimensions was added for comparison, with the following 
results :— 


— е c ———À M ————— —— M ——— - 


Chemical Composition. Per- 

Material. ммм Н, ee oi 

| C. Mn. | Si. | w. Cr. Mos 
Swedish charcoal iron 0'028 — 0'07 — — I'IO 40°0 
Silicon steel, mild ... 0:220 0'18 0'44 — — о'80 Il'O 
Medium-tungsten steel | 0:280 | 028 — 3°50 == 5°70 6°6 
High-tungsten steel ... 0'760 o'28 — 15'50 — 12:90 277 
Tungsten chrome steel 0'250 — = 2'00 0°75 5:30 о 
Chrome steel ... ... 0'430 — — — 3°25 — 3°6 
High-chrome steel ... 1'090 — x == 9°50 == I0'4 


Bosanquet in 1885 made a number of bar magnets of “best cast 
steel" and hardened them to the utmost. He measured their magnetic 
moments for several months and found the following average values :— 


February 18th ... . ... iu vie ... 12,039 
March 3rd sige - T = .. 11,822 
March r5th shi э ia sie wee 11,767 
April 8th ins 208 dst i .. 11,620 
September 18th ... 5 ss ati ws 11,119 


Rise of temperature was found by Canton and other observers to 
produce a temporary fall in the remanence, and fall of temperature to 
produce a rise; but the percentage change per degree of rise and 
fall varied greatly, as measured by different observers. If we write 
the equation in the usual form— 


M, = M, (1 + a(t; — fo) } 


where M, is the magnetic moment at the initial temperature /,, and M, 
that at /,? C., and ais the coefficient of change per degree ; then a was 
found by different authorities, for such variations as occur in daily or 
yearly temperature ranges, to have values varying from — 0:000044 to 
as much as —o'oo112, Wiedemann found that if a bar was strongly 
Magnetized, and then partially demagnetized (by an opposite magnet- 
izing force), it would, on being heated, lose some magnetism if the 
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previous reduction had been small, but would gain some magnetism 
if the previous reduction had been large. Also, that if a newly made 
magnet is repeatedly heated and cooled, the magnetization lost at 
each heating is only partially regained on cooling, causing a progres- 
sive loss, until finally a constant state is reached in which the mag- 
netization lost on being heated is restored on cooling. Old magnets 
are found to be much more constant in this respect. These facts have 
led to the idea of maturing newly made magnets by subjecting them 
to processes imitating those that go on naturally, with the intent of 
bringing the magnets rapidly into a state of constancy. Such pro- 
cesses are: (1) repeated gentle heating and cooling, (2) protracted 


UU, EL 


s $ 
Het 


10 12, hours. 
Fic. 28.—Effect x "ur iuis to roo? C. (Barus and Strouhal). 


gentle heating, (3) repeated subjection to mechanical shock, and 
(4) partial demagnetization. 

We owe to Barus and Strouhal a valuable examination of the 
beneficial effects of protracted gentle heating. Fig. 28 depicts the 
results they found on subjecting their glass-hard bar magnets of 
Stubbs's steel (a carbon steel) to heating by steam at roo? C. for a 
period of 12 hours. It will be seen that the values of the remanence 
fell in a regular way, assuming a constant value after some то hours of 
steaming. The final as well as the initial values of the remanence 
varied with the dimension-ratio. The remanence of that one which 
was 119 diameters long fell from 488 to a constant value of about 360. 
Unfortunately, no measurements were made of any change in the 
coercive force. But measurements of the hardness (by specific 
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electric resistance) showed that this also was reduced pari passu to a 
constant value about 83 per cent of the initial hardness. Barus and 
Strouhal also observed that the final remanence is the same whether 
the steaming takes place before magnetization, or whether the rod is 
first magnetized, then steamed, then remagnetized. In any case, long 
thin magnets lose a less percentage of their magnetism by being thus 
steamed than do short ones. In a special research on hardness, Barus 
found that glass-hard rods of Stubbs's steel, 30 diameters long, lost about 
I0 per cent of hardness in three years by natural decay, an amount 
which could have been produced in about three hours by immersion 
in steam at roo? С. He concluded that mean atmospheric temperature 
acting on quenched steel for a period of years produces a diminution 
of hardness about equal to that of hot steam acting for a period of 
hours. 

To test the effect of this maturing by steam-heating, Barus and 
Strouhal exposed a glass-hard magnet to 60 hours’ steaming, remag- 
netized it, and steamed it again for 15 hours. Its remanence, origin- 
ally 320, was reduced thus to a constant value of 258. It was then 
dropped from heights varying from 1°5 to o'5 metre on a wooden 
block, in various ways, and measurements were made of its strength 
after each treatment. The magnetism did not vary more than 0'54 
per cent after any such rough usage. 

Mme. Curie examined the effect of reheating on various steels 
(see p. 110). She found that protracted exposure to steam heat 
diminished both the coercive force and the remanence. Thus, 10 hours 
at roo? reduced the coercive force of a o'84 per cent carbon steel 
from 51 to 48, and that of Boreas steel from 85 to 78. Reheating 
to 200° was disastrous, as the following table shows, for three kinds 
of hard steel. 


pede Steel, | Allevard Steel. | ee oer 
Square Steel Bars of 20 cm. Length : | 
and 1 cm. Side (6 = 23). 


| 

| 

| 

| Hardened state  ... s | SI 422 69 | 574 | 79 | 429 
Heated 3 hours at 100? ... | 45 415 65 583 73 433 
Heated то hours at 100? ... | 45 396 | 63 549 | 7I 418 


| Heated 16 hours at 100? ... | 44 397 62 544 70 | 416 
| Heated 24 hours at 100? ... | 44 390 | бї 540 70 | 413 


| 


Heated84 hours moreat 150° | 37 363 | 46 | 465 | So 17 
| Heated 74 hours moreat200°| 28 310 37 40I 40 18“ | 


ı Total loss per cent at 100° | 13 8 I2 6 12 4, 
Total loss per cent at 200° | 41 27 | 47 33 | So II | 
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Three other bars were treated at 60° C., with the following results :— 


Molybdenum 
Allevard Steel. Boreas Steel. Steel. 


ee | m ONU EU E AE 


Hardened state  ... .. | 707 | 561 | 798 | 336 | 825 | 496 


Heated 7 hours at 60° ... | 697 | 572 | 7893 | 340 | 797 | 494 
Heated 42 hours at 60° ... | 69:9 | 564 | 790 | 339 | 798 | 490 


In 1887, W. Brown examined the effects of percussion on a number 
of silver-steel rods, all 10 centimetres long, which after having been 
made and magnetized were laid aside for different periods, and then 
examined as to the percentage loss in magnetism that they showed 
when suddenly dropped from a height. The following table gives 
the results :— 


Percentage Loss due to Percus 


sion, after laying aside for 
| - Total 
Dimen er 
IN A Diam- ts Pe 
| ANO. | state, m sion rem, Е. 5 Г 2 centage 
ее! nae: 1 : = — £ 
| ratio, . Ы - = + Loss, 
үа E: Е: 
- + - сеу 
| = 
| | | 
- 1 Glass-hard . 0'3 33 324 ОЗ 2'О 1'95 | 1'04 od 7-77 
| Glass-hard ssi 0'2 50 355 aot 32 1°45 гоо оо 5°04 
| ' ‘ I 
3 Tempe red yellow 0'3 13 145 6'03 61 | 80 5'4C 6:2 28°52 
| rempered yellow 0'2 SO 304 1 3°76 4'O 17 
| 
Tempered blue 0'3 33 422 LI'K 10's Q'7I |1180 7'5 50°60 | 
6 Tempered blu 0'2 50 563 8*20 82 S718 75 57 40'78 | 


The superior resisting power of the glass-hard magnets is very 
marked. The superiority of the bars of higher dimension-ratio to 
those of lower ratio is also evident; the exception in the case of 
bar No. 2 is probably accidental. Brown finds cylindrical bars with 
rounded ends less sensitive to percussion than either flat-ended 
cylinders or ellipsoids of same length and girth. Brown also finds 
for glass-hard rods of Stubbs's steel that if of 1°6 millimetres diameter 
there is no advantage as to remanence in making them. more than 
80 diameters long ; and if ro millimetres diameter, no advantage in 
making them more than 8'1 diameters long. This result is difficult 
to understand. 
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The conclusion is that, in maturing by reheating, both the reman- 
ence and the coercive force are diminished for all kinds of steel, but 
that by prolonged reheating to 60° a constant state is reached, with 
a reduction, in the case of the best steels, of from 1 to 3 per cent only. 

Mme. Curie also investigated the effect of maturing on the 
liability to loss by shocks. A number of similar bars were dropped, 
end-on, from a height of 85 cm., upon a flag-stone, and then dropped, 
broadside-on, froma height of 30 cm.,'upon the same stone. After each - 
repetition of this process the magnetism was measured, and the process 
was repeated till a constant value was obtained. Bars of soft steel lost 
from 45 to 83 per cent of theirremanence. For the others the following 
table gives the chief results :— 


Bars in Hardened State. Bars matured at 100° C. 
Bars of Dimension-ratio EE TOF NE 
д = 23. No. of |Loss per No. of |Loss per 
H. Lem. Falls. Cent. Н, Falls, | Cent. 
Carbon steel (0'5) 23 | 210 | 30 | 023 | 22 20 20 


Allevard steel... | 73 | 560 | бо | o5o| 68 | тоо 7 
Boreas steel ..| 86 390 5 1:50 | — — — 
Molybdenum steel 73 448 | 10 290 | 69 30 3 


The effect was then tried of subjecting some of the same bars 
(dimension-ratio 23) to a partial demagnetization to mature them, and 
they were then tested by shocks of the same sort as before. The 
values of Т are given here for two bars :— 


—— 


| (1) Carbon Steel (0:5 per cent carbon). Irem. 

| Bar magnetized to saturation ds ss zs 20070 

| After many shocks  ... 152'0 

,  Remagnetized, then demagnetized i in field H = 8 S 150°0 
After many shocks  ... .. | Lower 

| Remagnetized, then demagnetized ii in field H= ==13°8 1184 
After 4 days had spontaneously increased іо ... 123'0 

| After many shocks, remained constant  ....  ... 123'0 


(2) Allevard Steel. 


Bar magnetized to saturation T diss Qus 676.0 
After many shocks  ... 6580 
Remagnetized, then demagnetized i in i field H= —6. 4 663°0 
After many shocks  ... 636'0 


Remagnetized, then demagnetized ii ih field |H= ц 6320 . 
After many shocks, constant at... 63270 
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It appears that a reduction of about 6 per cent rendered the 
Allevard bar insensible to shocks, while the carbon-steel bar had to 
be reduced by about 40 per cent to attain constancy. Mme. Curie 
found that for all such bars, if of really hard steel, a reduction of 10 per 
cent sufficed to render them immune from shock. For longer bars or 
for more nearly closed circuits the reduction necessary would of course 
be less. Moreover, magnets so reduced by about то per cent are 
immune from loss by changes (over a limited range) of temperature. 
A bar of Allevard steel, hardened and matured at 60°, and then fully 
magnetized, will lose a little if again heated to 60° and cooled. But if 
its magnetization be reduced by about ro per cent it will be immune 
from loss by a subsequent heating to 60? and cooling. For bars so 
treated the temperature coefficient is about — 0:0002 for Allevard steel 
and — 00003 for molybdenum steel. 

Mme. Curie also found that the intensities of the fields required 
in these bars to reduce their magnetization by 10 per cent was :— 


BS ct 
Carbon steel (0:5 per cent carbon)... ... ... 2I 35 
Allevard steel, hardened, and matured at 
60? э» ves oes is i 71 13'0 
Boreas steel, hardened, and matured at 60° ... 78 27'5 
Molybdenum steel, hardened, and matured 
at бо? ... bus oe iss ids oe 80 21'0 


In a series of memoirs Klemenčič has carried inquiry a little further. 
He used tungsten-steel bars of Bóhler & Co. of five different brands 
marked “О,” “OO,” “UI,” “43,” and “45.” They were magnetized 
in a field of Н = 865, produced by a magnetizing current that was 
several times reversed and suddenly switched off. He investigated 
the relation between the dimension-ratio and the temperature 
coefficient ; the figures being deduced from three series of his observa- 
tions (see table on page 129). 

He concluded that the temperature-coefficient varied inversely 
as the dimension-ratio. If the magnetizing current. was gradually 
reduced instead of being abruptly broken, the remanent magnetism 
was found to be slightly higher, the augmentation being from o'I per 
cent for long thin rods, to as much as 5 per cent for short thick ones. 
The difference was ascribed to the action of eddy-currents in the 
steel. 

Another point tested was the decay of the remanence with time. 
The percentage loss was found to depend on the dimension-ratio, 
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An average of the various brands of steel showed that glass-hard 
magnets with dimension-ratio 10 lost from 3 to 4'5 per cent in 15 
months, while those with dimension-ratio 25 lost only from 1°25 to 
г98 per cent in the same time. Another set of bars of dimension- 
ratio 25 were matured in steam for 12 hours. After a year they 
had lost from 0'12 to 025 per cent of their magnetism, of which the 
greater part occurred within a day or two of their being made. In 
the following її months the percentage losses were from 0'025 to 
00134 only. 

Another point investigated was the influence of allowing time to 
elapse between hardening and magnetizing. A number of silver-steel 
rods were hardened, and then, after lapse of time varying from o6 of a 
minute to an hour, were magnetized. Their magnetic moments were 


Species of Steel. 
Dimension-ratio. | XX er = ==; 
| "45." "UL" i “00.” | 
| IO 000044 5 o'000480 | 0000281 
IS 0'000300 | 0'000345 0000186 | 
20 | 0'OOO2IS | 0'000265 0000139 | 
| | 
25 | 0*000172 0'000215 , 0000145 
38 | 0'000134 | 0'000139 | 0'000139 


then measured at regular intervals of time, and the decay was observed. 
It was found that the regular fall in their strengths was practically inde- 
pendent of the time when they were magnetized, and depended only 
on the time that had elapsed since they were hardened. This proves 
that there is a sort of self-annealing going on in the newly hardened 
steel, and that this molecular settling down of the material is scarcely 
influenced by the process of magnetizing. Further, though the per- 
centage decrease in magnetization is practically the same for all rods, 
if reckoned at the same length of time from the hardening, yet the 
absolute value of the remanence (at the same lapse of time since 
hardening) is less the earlier the rod was magnetized after hardening. 
Itis good to let the steel settle down before magnetizing. The settling 
down is hastened by boiling at 100°, The conclusion is that the secular 
changes—at any rate in magnets of the older carbon-steel kinds—are 
sequelz of the hardening process and are not sequelz of the magnetizing 
process. 

Krüse, continuing the researches of Klemenčič on Bóhler's steels, 
examined their behaviour when subjected to shock, and to the effects 

VoL. 50. 9 
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of bringing them into contact with masses of iron from which they 
were suddenly pulled away. The magnets were matured on the plan 
of Barus and Strouhal, and were then caused to fall on a marble slab 
20 times from a height of 1 m., and then 20 times from a height of 
1°94 m. The following were the results :— 


+ | 
Brand of Steel. (o"45" 5 "A3" | "UL" | "OO" " "Oo" 
| | | 
| 
| 


Coercive force iis .. 570 590 | 630 | 760 84:0 


Percentage 1055 whend=10 6'7 8:2 59 48 44 
Percentage loss when à = 25 6:7 59 5:5 54 35 


It will be seen that the percentage loss was least for me brands which 
had the greatest coercive force. 

Kriise also investigated the effect of placing cylinders or plates of 
soft iron in contact with the ends of his matured bar magnets and then 
suddenly pulling them off. This is a matter which the author inves- 
tigated * for horse-shoe magnets over twenty years ago, and found that 
while a magnet was weakened by slamming the keeper on and gently 
sliding it off, it was strengthened by sliding it on and suddenly detach- 
ing it. Kriise found by a repeated detachment a decrease of about 
o'i per cent for magnets of dimension-ratio 25 and of 0'3 per cent for 
those of dimension-ratio 10. He does not say whether the iron was 
slammed on or not. Newly magnetized and matured magnets 
showed an increase of about o'5 per cent. Drawing the magnets 
over the face of an iron plate weakened the magnets by about 
20 per cent for those of à = 25, and by about 28 per cent for those 
of à- 10. 

Thomas Gray, in 1885, examined the percentage changes of mag- 
netization produced in bar magnets of silver-steel that were produced 
by placing them in a weak demagnetizing field of value H = — 1. 
The reduction so effected varied from o8 per cent for bars of 
a dimension-ratio of Io, to 0'43 per cent for those of a dimension-ratio 
of 100. 

It is much to be desired that some investigator would make an 
examination of tungsten steel and other alloy steels, as thorough 
as that of Barus and Strouhal on carbon steel, as to the effects of 
maturing, by heating and partial demagnetization, in rendering them 
immune from change by shock or temperature. 

Ascoli compared Allevard steel with Glisenti steel (see page 116) 
in respect of their ability to withstand shock. He also deter- 
mined the percentages to which the respective magnetizations must 
be reduced to secure final stability of the permanent residuum. The 


* Silvanus P. Thompson, The Electromagnet (1892), pp. 213 and 408. 
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results are embodied in the following table. The magnetizing fields 
were H = 100 or a little more. 


Percentage Loss by Shock. | Percentage Reduction for Stability. 
Dimension- | _ 
й Allevard. | Glisenti. Allevard. Glisenti. 
PES = 
10 | 29'2 303 18:6 22'4 | 
15 | 16:5 17'0 21:6 22°2 | 
20 10'9 II'I I9'4 22:6 
30 | 57 5'9 19:6 20°5 
40 41 40 pe = | 
50 3°5 3? 12°4 16°6 | 
100 2:6 23 24 10°3 
© 24 2'I '2 87 


| | | 


It will be seen that while Glisenti steel lost less by shock than Allevard 
for long magnets, it lost more for short ones, and required a greater 
reduction to become stable. 

Ashworth has studied the temperature coefficient, and the coefh- 
cient of permanent loss which a magnet undergoes by being heated 
(once) гот room temperature to 100? C. and again cooled to room tem- 
perature. His results relate chiefly to pianoforte wires of drawn steel 
of an unknown composition. He found drawn steel to be in a peculiar 
molecular condition, such that for д = 109 its temperature coefficient is 
positive until it has been once heated red-hot, after which the coefficient 
is like that of other steels, negative. For a dimension-ratio of 43 such 
a drawn wire had zero coefficient. He found hard steels to have the 
lowest temperature coefficients. In the following table I, represents 


" Magnet steel" (car- 
bon) hardened... 3S0 532 406 0001370 —0'270 
' Mushet steel, hardened 20 185'9 1326 | —o'ooo690 —0287 | 
- 5 P 170 | 2152 1778 0096076 —0'174 | 
Cast iron, hardened ... 1183 1931 1678 —о'ооо:! 
| T js с. 131 (2109 | 1801 —0'000160 —o'141 
| Piano wire, glass-har- 
|  dened... as .. 160 2520 2160 —0'000603 —o'I50 
| Я 8'0 | 55го 35200 . —0'000228 —о'одо 
| оо. 5700 5800 —0'000097  —0'030 
т » 96'0 ' 55бо 5буо —0'000055 —0'020 


the initial remanence, and I, the final remanence after being raised 
from 14° С. to 100? C. and again cooled to 14°C. The symbols a and 
B are respectively the ordinary temperature coefficient (according 
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to Whipple — 0:00029 in the average), and В the coefficient of the 
irreversible or permanent loss. 

Doubtless the values of 8 would have been greatly reduced had the 
magnets been properly matured. The dependence of these coefficients 
on the dimension-ratio is well illustrated by the data on glass-hardened 
piano wire. 

Cancani found bars of ‘English steel," which were about ri 
diameters long, to possess a temperature coefficient, when glass-hard, 
of as low a value as — 0'000436, but when annealed soft, of as high а 
value as —0:002635. When such glass-hard bars were tempered by 
regular stages from pale straw (at 221?) to a pale green (at 332?) the 
temperature coefficient rose in regular sequence from — 0800135 to 
— 0'00179. 

Durward has examined matured bar magnets of various kinds of 
steel, and has shown that in “crescent” drill rod (a tungsten steel), 
matured by Barus's process, the coefficient of 1055 8 varied from 
about — 0'0012 for a diameter-ratio of 5, to — о'0006 for ё = 10, 
— 0'0003 for ô= 20, and — 0'00025 for ô= 32. 


CAST-IRON MAGNETS. 

At various times cast-iron has been proposed as a material for 
permanent magnets, and B. O. Peirce, in 1905, showed that chilled cast 
iron, though inferior to tungsten steel, yet would make good magnets. 
Ashworth (see p. 131) had shown that its temperature coefficient 
is low. Campbell, in 1906, showed that if quenched at about гооо? C. 
—a difficult operation because of the brittleness of the material—its 
coercive force is quite equal to that of the carbon steels ; and he found 
values of the remanence from 200 to 229, and coercive forces from 48:9 
to 52:8. 


PRACTICAL PROCESSES FOR PRODUCING THE BEST PERMANENT 
MAGNETS. 


We may sum up the results in a few paragraphs. To produce 
permanent magnets, which are both powerful and constant in their 
power, a tungsten steel should be used having from 5 to 8 per cent of 
tungsten, and from o'4 to о°6 of carbon. Chromium up to 2 or 2:5 per 
cent may be present, but the presence of the following elements 
should be avoided: manganese, titanium, copper, sulphur, and 
phosphorus. 

For bar magnets there is an advantage in having the dimension- 
ratio as large as possible, as this gives not only a higher remanence but 
a lower coefficient of temperature variation. For horse-shoe magnets, 
and for all those which are to be used in instruments where extreme 
constancy is required, the gap between the poles should be as short as 
possible, and the polar areas should be as large as possible. From the 
point of view of constancy there is an advantage in having a consider- 
able stray flux (through a magnetic shunt or otherwise) in addition to 
the useful flux. 
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The forging of the magnet, whether bar or horse-shoe, should be 
done with as little working of the material as possible, and at as low a 
temperature as is convenient. After forging, to normalize the. material 
it should be heated to goo°C., lowered to 750°C., and there maintained 
for a time, then cooled off. To harden the magnets, they should be 
raised to 950*C. for а period not exceeding 5 minutes; and then 
lowered to about 700? C. and quenched at this temperature in brine or 
oil, at a temperature under 20°C. Some brands of high tungsten steel 
appear to yield а better result if quenched at some temperature between 
770° and 850° C., or even at higher temperatures. 

With tungsten steels there appears to be no advantage whatever in 
tempering the steel. With carbon steels there is no advantage in 
tempering the magnet if it is one having a small dimension-ratio (as for 
short bars) But bar magnets of carbon steel, if their length is as 
much as 20 diameters, may be tempered to a straw tint; or if as much 
as 40 diameters long, or more, they may be let down to a blue tint, and 
will then receive more magnetism. Any letting down below a straw 
tint, however, impairs their power to resist decay and usage. 

The magnets should then be matured either by boiling or steaming 
them for ten or twelve hours, or by heating them to 60? C. for 20 or 
more hours. There is some advantage in letting them cool several 
times during this process. For a magnet that is intended to be used at 
some particular temperature, and is required to be as constant as 
possible at that temperature, there is some advantage in subjecting it to 
a number of cyclic processes of alternately heating it to a few degrees 
above, and cooling it to a few degrees below, that temperature at which 
it is intended thereafter to be used. 

The magnet should then be magnetized by means of an electro- 
magnet, or, if a bar magnet, in a powerful magnetizing coil, to the 
highest degree of magnetization possible. There is some advantage in 
reversing its magnetism a few times. There is no advantage in 
magnetizing for a long time, as the result depends on the maximum 
magnetizing force applied, and not on the duration of the application. 
But in the final magnetization the magnetizing current should not be 
suddenly switched off, but should be diminished gradually to zero. 
There appears to be a slight advantage in subjecting the magnet 
during magnetization to mechanical percussion, by striking it with a 
hammer of brass or other non-magnetic hard material. 

For magnets that are to be given extreme constancy, there is an 
advantage in then slightly reducing their magnetism by subjecting 
them to demagnetizing forces, a reduction of from 5 to 1o per cent 
being sufficient. It is doubtful whether this process is necessary * for 
magnets the form of which is a closed circuit with a very narrow gap. 


* Mr. George Hookham kindly informs me that for meter magnets the firm of 
Chamberlain апа Hookham do not resort to partial demagnetization. ‘ We flash our 
magnets," he says, “to saturation, and never think of reducing them, and find them 
sensibly permanent—that is, if they have only the air-space to deal with. If they have 
other reversing influences to contend with, as in alternating-current meters, then we 
may reduce then.” 
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There is supposed also to be some advantage from the point of view of 
constancy in subjecting the finished magnet to percussion. 

The rationale of the advantage of reducing the power of the magnet 
by a partial demagnetization is worthy of a brief consideration. On 
p. 92 above were set forth the reasons why the self-demagnetizing 


3 


-46 о 


F1G. 29.—Subsidiary Hysteresis Loops. 


factor of a magnet reduces the remanent magnetism; and in Fig. 1o 
was given a graphic construction, due to Ascoli, explanatory of the same. 
Ascoli has himself further studied the stability of the remanent 
magnetism, as have also Du Bois and Taylor Jones. It was remarked 
long ago by Ewing that if at any point of a hysteresis loop the 


C QT 0 
FiG. 30.—Diagram of Partial Demagnetization. 


magnetizing force is partially reduced and then raised again, the 
resulting curve shows a subsidary narrow loop, the slope of which is, 
in general, quite small. That is to say, at every stage of magnetization 
there is a removable part of the magnetism which vanishes on a partial 
demagnetization and is again restored on the cessation of the de- 
magnetizing force. And for this reversible part, the quasi-permeability 


1912. | PERMANENT MAGNETS. 185 


issmall. Fig. 29 shows a number of loops corresponding to such small 
cycles of operation. Now consider a permanent magnet ot such steel 
that the remanence, if all demagnetizing influence were absent, would 
be represented in Fig. 30 by the height of the line OR. Now let there 
be a self-demagnetizing coefficient, and let the line OP be drawn at 
such a slope that the tangent of the angle ROP represents the 
demagnetizing coefficient. Drop the perpendicular PQ. OQ will 
represent the actual self-demaguetizing magnetic force. Then the 
remanence will be reduced to PQ; and though OC is the coercive 
force of the material, yet it is only the excess of OC over OQ, namely, 
the length CQ, which represents the reserve that the magnet has to 
resist external demagnetizing influences. 

‘Now let the magnet be slightly further temporarily demagnetized 
by an external demagnetizing force down to the point Р’, On removing 
this demagnetizing force the magnetism will spring 
up to S; the height S T now representing the per- 
manent magnetism that is left behind, and which 
is, Say, 10 per cent less than PQ. Although the 
remanence is thus reduced, yet the stability will Бе 
greater. For the self-demagnetizing force is now 
only OT, and the length CT, which represents 
the reserve of coercivity of the magnet, is greater 
than before. 

But we may carry the process a stage farther. 
After applying a small external demagnetizing 
force to bring the value down to P', apply an equal 
small remagnetizing force, and bring the magne- Fic. 31. — Diagram 


a : : : ` of Stabilization 
tization up, as in Fig. 31, to the point U. Then by Subjecting 
remove this external force, when the narrow loop to Small Cycle 


will return from U to a point on the line O P at of Magnetizing 
5, at the height 5 Т’. The result is then that the Forces. 
Permanent magnetism will be represented by the 

line S'T', which is slightly greater than S T, while the reserve of 
coercivity C T” is almost as great as before. 

It would, indeed, be advantageous to repeat this small cycle several 
times over, so as to bring the magnetic state into a final condition, where 
the effects of any accidental external magnetic influences will be a 
minimum. In brief, just as the thermal stability of a magnet is best 
assured by subjecting it to small cycles of heating and cooling about 
the point of temperature at which it is thereafter to be used, so its 
magnetic stability is best assured by subjecting it to small cycles of 
demagnetizing and remagnetizing force about the point of magnetization 
at which its magnetism is thereafter to remain constant. 


CONCLUSION. 
After the remarks made in the course of this lecture as to the need 
of research in various directions, both as to the production of alloy 
steels of the desired magnetic properties and as to the further studies 
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of their magnetic and thermal constants, it is needless to enlarge 
on the field that is open for extensions of knowledge. There must be 
co-operation between the steel-makers on the one hand and the physi- 
cists on the other hand in any such investigations. Magnet steel of 
high quality isin great demand to-day. We know that the Shefheld 
manufacturers are alive to the demands of modern science, particularly 
in the matter of special steels for tools, in which they were the 
pioneers. Even to-day, in spite of all tariffs and all competition, they 
are sending vast quantities to America and tothe Continent. But only 
lately I heard that an order for 300 tons of magnet steel at £60 a ton 
had been placed with a firm having no connection with Sheffield. The 
production of magnet steel is a branch of business which, even more 
than the manufacture of tool steel, depends on the co-operation of 
science with industry. Certainly our Institution will not be slack in 
endeavours to bring about such a co-operation, when once the interests 
involved are realized, and the problems awaiting solution have been 
set forth in the light of day. 

[A number of permanent magnets of different forms, constructed by 
different firms, Messrs. W. F. Dennis & Co. (Remy steel), MM. 
Ch. Pinat et Cie, of Allevard, Messrs. the Thomson-Houston Com- 
pany, and Messrs. H. Shaw & Sons, of Shemeld, were shown upon the 
lecture-table.] 
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Proceedings of the Five Hundred and Forty-fourth 
Ordinary Meeting of the Institution of Electrical 
Engineers, held on Thursday, 28th November, 
1912—Mr. WiLLIAM DuppeLL, F.R.S., President, 
in the chair. 


The minutes of the Ordinary Meeting, held on 14th November, 1912, 
were taken as read, and confirmed. 


The list of candidates for election and transfer approved by the 
Council for ballot was taken as read, and it was ordered that it should 
be suspended in the Hall. 


Messrs. H. G. Solomon and C. P. Hammond were appointed 
scrutineers of the ballot for the election and transfer of members, 
and, at the end of the meeting, the result of the ballot was declared 
as follows :— 


ELECTIONS. 
As Members. 
Arthur John Beckett. James Alexander Hamp. 
Captain Chetwode George G. William Arthur Ker. 
Crawley, R.M.A. Waldemar Koch, Dr. Eng. 
Giuseppe Faccioli. David Barclay Mellis. 
Arthur John Fuller. Professor Charles Proteus Stein- 
Francis Bennett Gerrard. metz, Ph.D. 
Charles Chandler Gilchrest. Alfred Langrish Stephens. 
Professor Andrew Gray, M.A., George Henry Thurston. 
LL.D., F.R.S. Theodore Zettel, Ph.D. 


As Associale Members. 


Frederick Addey, B.Sc. Charles Reginald Belling. 
Andrew Alexander-Todd. John Birch. 

William Day Appleton. ^ William Lister Bird. 

George Rowland Archdeacon. Percy Roberts Blake. 

Fred. Charles D. Atkin. Frederick von Blanckensee. 
Sydney Pearse Barnes. Harry Brakes. 


Reginald John Bellerby. Harry Percy Brown. 
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ELECTIONS—continued. 


As Associale Members—continued. 


George Henry Bryant. 
James Waldron Bussey. 
Charles Alfred Butlin. 
Charles Lees Calvert. 
Francis Glyde Chaffey. 
Arthur Reginald Chaytor. 
Frederick Ernest Chilton. 
George Francis Cole. 
Harry Cooper. 

Charles Theophilus Crisp. 
John Robinson Davison. 
Claude William Denny. 
Howard Percy Devereux. 
Andrew Service Duncan. 
Percy Dunsheath. 
Howard Maurice Edmunds. 
Herbert Willoughby Ellis. 
David M. Eunson. 
Gwilym John Evans. 
Joseph Hugh Evans. 
Frank Farndon. 

Herbert Halyburton Fell. 
John Ferguson. 

Savile Rutter Fletcher. 
Thomas Joseph Flynn. 
Cornelius Henry Fox. 
Harry Smith Furneaux. 
James Gardner. 

Arthur Ernest H. Gates. 
Sidney Frederick J. Gilliver. 
David Goad. 

Bernard Watkins Gothard. 
Edward Bentall Gray. 


Edward Joseph B. Greenwood. 


Harold Paul Greenwood. 
Alexander George G. Guthrie. 
John Hamilton. 

Joseph Henry G. Hampshire. 
Reginald Willway Harding. 
Edgar Harper. 

Burton Tyas Hawkins. 
Gerald Summersell Haydon. 
Charles Culmer Hodges. 
Lloyd Leslie Horrell. 


John William Houghton. 
Captain Frederic Arthur Iles, 
R.E. 
Frederick Grosvenor Jackson. 
George Edward Keane. 
James Aloys Keasley. 
Alfred George Kemsley. 
George Lingard Kirk. 
Reginald William Klitz. 
Charles William Knighton. 
Henri Leverrier. 
Stanley Llandaff B. Lines. 
Sydney Charles Lloyd. 
Pelham Berkeley Longbottom. 
Donald Eugene McDonnell. 
Neil Gloster McLeod. 
José F. Martins-Guimaraes. 
Thomas Spencer Midgley. 
Charles Edwin Morgan. 
Arthur Hyatt Morse. 
Arthur Montague Mulliner. 
Harrison Noel Newcomb. 
James Alexander Omand. 
Arthur James Ostler. 
Thomas Richard Overton. 
Charles Lascelles Parrington. 
Hubert Parry. 
George Parsons. 
Frank Gervas Payne. 
William Pearson. 
Henry George S. Peck. 
Ivor Augustus D. Pedler. 
Charles Sidney Perry. 
Walter Charles S. Phillips. 
Thomas Edward Pickford. 
Joseph James Pigg. 
Arthur Podmore. 
William Henry Powell. 
Leslie Hampden Pratt. 
George E. James Pople. 
Vinayak Shankar Randive. 
Albert Henry Rayner. 
William Redman. 
Lewis Fry Richardson. 
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ELECTIONS—continued. 


As Associate Members—continued. 


George Berkeley Rolfe, B.Sc. | 

John Alexander G. Russell. 

Henry Rimer Sanders. 

Tom Alfred Sedgwick. 

Louis John Simon. 

Bernhard Gustav J. Sluyterman. | 

Arthur Clifford Smith. 

Charles Smith. 

James Arthur Smith. 

Sydney Herbert Smith. 

Henry Drummond Staniar. 

Ernest Wilson Steele. 

Harry Potts Stokes. 

Frank Bertram C. Sutthery. 

Tom William Swift. | 

Benjamin Blenkinsop Swinburn. . 

William Hughes T. Swire. | 

William Tuxford Tallent-Bate- | 
man. 

Reginald Charles Thackeray. 


Ernest Byers Thomas. 
Frederick Lewis Thomas. 
Nathaniel Herbert Thomas. 
Francis Joseph Tillson. 
Frederick James Turquand. 
Walter Edgar T wells. 

Arthur Waller. 

Percy Webberley. 

Thomas Frederick Wells. 
John Galbraith Westlake. 
Oliver Wheeler. 

John Charles White. 

William John Williams. 
Arthur Frederick Williamson. 
George Edward E. Williamson. 
John Wilson. 

Lancelot Edward Wilson. 
James Lysle Winter. 

Stanley Hercy P. Wolferstan. 
Harold Lee Wood. 


William Leonard Wreford. 


As Associates. 


Alfred Ernest Brooks. 
William Thomas Clough. 
Howard C. Levis. 

Robert Macmillan. 


Lieut. Aureliano de Almeida 
Magalhaes. 

Paul Henry Marco. 

Fred J. Robinson. 


Harold Charles Wright. 


As Graduates. 


William T. Aked. | 
Harold Godwin Alger. 

George Alfred Applebee. | 
Ralph Gladstone Ashton. | 
Thomas Henry Banks. 
Dudley Bartels. 

Jal R. Batliboi. 

Biharilal Batra. 

Edwin J. L. Bennett. 

Thomas Dudley B. Bowater. 
Walter Stanley Bracher. 

Wilfrid Branfield. 

Hugh Alexander Brown. 

John Alexander C. Campbell. 
VoL. 60. 


Enrique Cangas. 

Frank Gordon Cerexhe. 
Percy Herbert Chesterton. 
James Coid. 

Harry Cotton. 

Edward Rainier Crook. 
Charles Linn Dick. 
John Elders. 

Frederic James Elliott. 
John Lindsay Ferguson. 
John Fitzgerald. 
Howard John Fountain. 
Randal Eugene Golden. 
Lionel Allan G. Grant. 
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ELECTIONS—contlinued. 


As Graduates—continued. 


Bertram James Grigsby. 
Harry Ernest Hawley. 
Frank Burton Hellon. 
Henry Charles Jay. 

Eric Ford Jones. 

Arthur Abraham Koppel. 
Thomas Langlois. 

Harry Eugene Lintott. 
Joseph Lythgoe. 


George Melven Macilwraith. 


Alexander McIntosh. 
William Adam G. McLean. 
Edward McSwiggan. 
Thomas Marsden. 


Morres James H. Molyneux. 


Cuthbert Edgar Monks. 
Roland Hans Nebel. 
Thomas John Nelson. 


Frederick James N. Nibloe. 


Louis Nordwald. 
Albert George Norris. 
Oscar Parker. 

H. P. Parry. 


Arnold Wilson Adams. 
Walter Henry Barling. 
Hugh Glover Bell. 
Bernard Lees Bishop. 
William Herbert Blythe. 
Philip Seymour Brett. 
Cecil George Calman. 
David Sibbering Charles. 
Joseph Harold Charnley. 
Beng Wan Chua. 

Ralph St. John Clarke. 
John Purrett Clifton. 
Hubert William Corke. 
Edward Willford Cosserat. 
James Allan Cunningham. 
Arthur Robert Dawes. 
William John F. Debley. 
John Gordon Deedes. 
Julio Pedroso de Lima. 


| 


Cyril Vivian Peake. 

Ernest Arthur Pells. 

George Arstall Platt. 

Ernest Herbert Pottle. 

William Reginald Radford. 

Richard Silcock. 

Herbert Willis Smith. 

William Samuel H. Smith. 

Thomas Stephen Stout. 

Friedrich George 
schmidt. 

Frederick George Thomas. 

George Levett Thorburn. 

Alfred Walsh. 

Horace Ward. 

Philip Guiss Westmacott. 

Frederick Randolph Wilkin- 
son. 

Christopher Kenneth Wise. 

William Woods. 

Albert Edward Wray. 

Vaughan Lascelles Wynyard- 
Wright. 


Stucken- 


As Students. 


Harold Anthony Denison. 
Philip Henry Denton. 
David Benjamin Devonald. 
William Vere H. Duff. 
Walter Eastwood. 

John Claude Elmer. 
Herbert Emmett. 

Basil Ziani de Ferranti. 
Leslie Eric Felix-Smith. 
Charles Mac Fiander. 
Eric Arthur H. French. 
John Maughan Gibson. 
Percy Leach Gill. 

Basil Montgomery Gillett. 
Cyril Edwin Glasspool. 
Eric Harraden Glover. 
Leslie Ward Goddard. 
Richard Gosden. 

Charles Cock Harry. 
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As Students—continued. 


Frank Howarth Hayward. 
Frederick George Head. 
Joseph Arthur B. Hellaby. 
Edgar John C. Herring. 
Leslie Burgess Hobgen. 
Worsley Holttum. 

Frank Howard. 

Alfred Millard Jenkins. . 
John Richard Jones. 
Naunidh Rai Kapur. 
Edward Thomas King. 
Bertram Lakeman. 


George Alexander B. Leishman. | 


Brian Ernest Leeson. 

Reginald Artane McMahon. 
Frederick William Mesinger. 
Nusserwanji Ruttonji Mistry. 
Walter [saac Monkhouse. 
Charles Isted Morris. 

John Franklin Newton. 

Peter Ostler. 

William George Paddock. 
Roderick Norman L. Protheroe. 


Samuel Edward T. Pryce. 
Arthur Hubert Pullen. 
Pappu Subba Rao. 
Duncan Galt Reid. 

Harold Archibald Rickwood. 
William Oliver Robotham. 
Phani Bhusan Roy. 

James Francis Slingerland. 
Fred Smethurst. 

Leslie Victor Smith. 
Harold William S. Smyth. 
John Steele. 

Ernest Swinton, 

Douglas Godden Teague. 
Raj Narain Tiwari. 
Reginald Urquhart. 
Hermann Albertus Voss. 
Cyril Thornton Wallis. 
Richard Jeffery Webb. 
Horace Bernard Webster. 
Leslie Harold V. Webster. 
Lionel Bertie Whitaker. 
Maurice Hazel Whitchouse. 


TRANSFERS. 


From the class of Associate Members to that of Members :— 


Daniel Adamson. 

Harry Allcock. 

James Grey Bell. 

William Melland Booth. 
William Anderson Brown. 
Robert Marshall Carr. 
Frederick William Carter. 
Charles Day. 

Evelyn Fawssett. 

John George Freeman. 
Benjamin Shuttleworth Hornby. | 
Herbert Francis Hunt. 
John Henry Johnson. 

Theo Kerr-Jones. 

Louis Herbert King. 


| 


' 
+ 
i 
] 


George Duthie Leys. 
Arthur Ernest Malpas. 
Raymond Gingell M. Mercer. 
Donald Smeaton Munro. 
Arthur Joseph Newman. 
Percival Herbert Powell. 
Thomas Roles. 

Fitzroy Owen J. Roose. 
Bernard Sankey. 

Arthur Holroyd Sears. 
Herbert William Sprunt. 
John Edward Tapper. 
William Court P. Tapper. 
Edwin Abraham Uttley. 
Arthur Watts. 


Harry Egerton Wimperis, М.А. 


148 


TRANSFERS. 


(28th Nov., 


TRANSFERS—continued. 


From the class of Associates to that of Members :— 


John Muir Donaldson. 


Edgar Stopford Saunders. 


From the class of Associates to that of Associate Members :— 


Ernest Arthur Bayles. 
Charies William V. Biggs. 
Robert Frederick Botting. 
Allan Charles Campbell. 
Alfred Norman Dixey. 
Surendranath Ghosh. 


Harry Hughes Harrison. 
Thomas Cyril Hunt. 
Frank Knight Jewson. 
Raphael Sanzio Mansel. 
Percy Gordon Moore. 
Aubrey Bertram Stratford. 


John Henry M. Wakefeld. 


From the class of Students to that of Associate Members :— 


Sidney Aitken. 

Arthur John Aldridge. 
James Allan. 

Francis George Allen. 
Edward Andreas Anderson. 
John Bilsland. 

John Surrage Blackmore. 
Charles Arnold Brearley. 
Thomas Everard Bridge. 
Henry Arthur Browett. 
Charles Stewart Buyers. 
George Frederick Cobham. 
John Douglas Crawford. 
Heber Ewart Crowcroft. 
John William Dodds. 
William Duckworth. 
Frederick Paul Dumjohn. 
Alfred William Epton. 
Charles George G. Faine. 
Sidney Woods Farnsworth. 
Ernest Henry Field. 
Clarence Reginald Ford. 
The Hon. Edward Fulke French. 
Prosper Barnaby Frost. 
Alexander Gardner. 

Cyril Charles Garland. 
Albert Hardy Gay. 
Randolph Douglas Gifford. 
Joseph Gilbert. 

William Albert Gillott. 
Tom Golding. 


| 
| 
| 
| 
| 
| 


| 
{ 


Hugh Welbourn Gregory. 
Nigel Cuthbert E. Hall. 
John Hargrove. 

Charles Howard Harvey. 
Albert Neilson Haworth. 
Leslie Barnett Hewitt. 
Clifford Higgins. 

Edward Percy Hill. 

Ernest Percival Hollis. 
James Colston Kelso. 

Philip Kemp. 

Philip Lobel. 

Reginald Frederick Long. 
Alfred Lawrence Lunn. 
Vernon Mallalieu. 

Hugh Charles May. 

George Horatio Nelson. 
Kenneth Lancaster Osborne. 
Reginald George Parrott. 
William Pate. 

Alec Stewart Paterson. 
Edward Peck. 

Harold Papworth Pentelow. 
Reginald Cheyney Plowman. 
Stanley Herbert Pook. 
Henry Edward Poole. 
Kenneth Preston. 

Alec Walter Puttick. 
Arthur Charles Rayment. 
William Duckett Redfern. 
Harold Willoughby Richardson. 
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TRANSFERS—continued. 


From the class of Students to that of Associate Members—continued :— 


Gilbert Colville Shadwell. | Frank Lester N. Tuck. 
Newton Shuttleworth. _ Thomas Seabrooke Wallis. 
Norman Stuart Sim. . William Herbert Walton. 
Frank Wallace Skinner. - Andrew Weiss. 

Herbert James Skinner. |. John William Wheeler. 
Maurice Swift. Arthur Penry Williams. 
Oliver Thornycroft. Alfred Lee Wood. 

Edmund George Townshend. Francis Vivian Wythes. 


From the class of Students to that of Associates :— 


James Hepburn Rickie. | John Langford D. Ridsdale. 


From the class of Students to that of Graduates :— 


Benjamin Abel. | Vinayak Ganesh Kirloskar. 
Joseph William Arnott. ,  Nanigopal Mukerjee. 

Daniel Dadsworth Barber. ' Clifford Anthony Newell. 
Robert Fleming Benson. | Thomas Francis Phillips. 
William John I. Casewell. | William Arthur Pitts. 

Lionel Ernest Cooke. William Rintoul. 

Edward Stephen Coombes. Joseph Vincent Rugeroni. 
Dorabji Rustomji Cooper. Henry Edward Sanders, 
William Thomas Golden. William Alexander Scotter. 
Alexander George Gow. August Sild. 

Percival Grice. _ Arthur Albert Stone. 

Leslie James Jowit. | Richard de Fontaine Stratton. 
Alban Aloysius Kilduff. Hugh Pilgrim P. Trimingham. 


Piers Alton Е, Warburton. 


A paper by Mr. J. S. Peck, Member, entitled “ Earthed versus 
Unearthed Neutrals on Alternating-current Systems” (see page 150), 
was read and discussed, and the meeting adjourned at 9.45 p.m. 
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EARTHED VERSUS UNEARTHED NEUTRALS ON 
ALTERNATING-CURRENT SYSTEMS. 


By J. S. PECK, Member. 


(Paper received 15th September, 1912 ; read before THE INSTITUTION 
28th November, before the MANCHESTER LOCAL SECTION 19fh Novem- 
ber, before the BIRMINGHAM LOCAL SECTION 27th November, and before 
the NEWCASTLE LOCAL SECTION 9th December, 1912.) 


The questions where, when, and how should the neutral point or 
points of an alternating-current system be earthed are highly contro- 
versial ones, and though they have been discussed a number of times 
before the technical societies, there are still wide differences of opinion 
among operating engineers as to the proper course to follow under 
different conditions. While itis difficult to give general rules covering 
all cases, there are certain conditions where the proper course to follow 
seems Clear, and it is intended in this paper to discuss the various ques- 
tions involved, and to show why under some conditions of operation it 
is becoming general practice to earth the neutral, while under others it 
may be advisable to operate with the neutral unearthed. 

Three classes of apparatus or systems will be considered :— 


I. Generators. 
2. High-voltage transmission circuits. 
3. Low-voltage distribution circuits. 


Before considering these three classes separately, the general 
advantages and disadvantages of the earthed neutral which are common 
to them all will be considered. 

While several advantages may be claimed for the earthed neutral, 
there are but two which are really of any great value. These are :— 


(a) The limiting of the voltage between line wires and earth. 
(b) The possibility of cutting off any wire or feeder in the event of 
an earth upon it. 


The chief objection to earthing is the fact that the system cannot be 
operated with an earth on any line wire. 

It is well known that in an unearthed 3-phase system, where the im- 
pedance of each phase to earth is equal, each of the three conductors 
assumes a potential above earth equal to 58 per cent of the voltage 
between wires while the neutral point is at earth potential, but any dif- 
ference in the impedance causes the potential of the neutral point to shitt, 
bringing the phase having least impedance nearer toearth potential and 
raising the others to a potential correspondingly higher above earth. 
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When one phase is earthed, it assumes earth potential, and the other 
phases reachfull-line potential above earth. When the potential of each 
phase to earth is the same, the charging current to earth will be equal іп 
all phases ; but when one phase is earthed the charging current to earth 
is increased by 73 per cent in both of the unearthed phases, and all of 
this current willreturn to the generator through the earthed phase and 
will pass into the faulty wire at the earthed point. 

Earthing the neutral means that this point is fixed at earth 
potential, and the three-line wires are fixed at a potential 58 per cent 
above earth. 

If the neutral point is earthed through a resistance and one phase is 
earthed, current flows through the neutral resistance, and the drop 
across this resistance measures the voltage between the neutral point 
and earth, so that the neutral point is not fixed definitely but depends 
upon the amount of resistance and the current flowing through it. Thus 


Fic. 1.—Balanced Protective Gear. 


the conditions are intermediate between those with the unearthed 
neutral and with the neutral solidly connected. 

With the earthed neutral very simple and reliable apparatus can be 

provided, which will cut out any feeder in case an earth occurs upon it. 
This apparatus may be of the Merz-Price balanced protective type, or 
it may be of that type which is based upon the principle that the 
resultant current in a 3-phase circuit is zero. Fig. 1 shows a well- 
known arrangement of this kind. It is evident that under normal con- 
ditions the resultant current in the secondaries of the three transformers 
is zero, therefore no current can flow through the trip coil ; but should 
an earth occur on one of the wires, the circuits will be unbalanced 
and current will flow through the trip coil. This apparatus may be 
adjusted to work on a very smallearth current. 
. Still another possibility is to put a trip coil in series with the earth 
connection, but this arrangement is not so satisfactory as those pre- 
viously mentioned, in that it does not discriminate as to the feeder to be 
cut off. 

Where a large cable network is supplied from common busbars 
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the arrangement shown in Fig. 1 may work satisfactorily without 
the neutral point being earthed. The reason for this is as follows :— 

In the event of an earth on any wire, the charging current to earth 
on all of the cables on the system will be returned to the busbars through 
the wire which is earthed. Therefore the current balance on the earthed 
feeder will be upset and the circuit-breaker operated. This arrange- 
ment is, however, limited in its application, and is not so positive 
as when there is a current flow between earth and generator 
neutral. 


I. GENERATORS. 


All modern 3-phase generators are insulated to stand operation 
without the neutral being earthed, so that no consideration of 
reduced first cost due to limiting the voltage to earth by earthing 
the neutral need enter the problem. Also the question of risk of 
breakdown with earthed or unearthed neutrals may be practically 
neglected. 

When deciding upon the advisability or otherwise of earthing 
the neutral of a generator, consideration must be given to the service 
for which it is to be used. Three classes of service will be con- 
sidered :— 


(a) Generator supplying network of underground cables. 

(b) Generator supplying overhead transmission circuits without 
transformers. 

(c) Generator supplying overhead transmission line through step- 
up transformers. 


In case (a) an earth on any phase of a cable is almost certain to 
develop into a short-circuit between phases, and on a large system thc 
result of a short-circuit on a cable is usually to burn off a section of the 
cable, perhaps to damage adjacent cables, and sometimes to set up 
surges which may cause serious breakdowns elsewhere on the system. 
Since the majority of breakdowns on cables are to earth, it is therefore 
extremely desirable that a cable be cut off as soon as an earth develops, 
and as this can be done quickly and with certainty where the generator 
neutral is earthed, it is becoming general practice to do this in all 
stations of this class. Thus practically the only question to consider is 
whether the neutral should be earthed solidly or through a resistance, 
and, where there are several generators in parallel, how many of them 
should be earthed. The only object in inserting resistance between 
generator neutral and earth is to limit the rush of current which occurs 
whenever there is an earth on the system. If balanced protective 
apparatus is used, similar to that shown in Fig. 1, the resistance may be 
made so high as to keep down the current rush to a comparatively low 
value, because the protective apparatus may be set to operate with 
a very small unbalancing in current ; but where plain overload protec- 
tion is used—and this applies to the majority of cases—the resistance 
should be low enough to pass sufficient current to trip the breakers on 
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the largest feeder, but high enough to prevent damage to generator 
windings, and, if possible, to prevent serious burning at the point of 
accidental earth. 

In calculating this resistance, allowance should be made for the 
drop in voltage on the generator due to the load on one phase, also for 
the resistances in neutral earth connection in the feeder and at the 
point of accidental earth. 

In designing the resistance, ample heat capacity should be allowed, 
for the circuit-breakers may stick, or there may be at least temporarily 
a fairly high resistance at the point of accidental earth which will pre- 
vent the circuit-breaker from opening immediately, and so give time for 
the resistance to reach a high temperature. 

In general, earthing resistances are built up of cast-iron grids 
mounted on porcelain insulators, and should be located in a fireproof 
compartment. They are usually designed to have sufficient heat 
capacity so that full star voltage may be maintained across them for at 
least 15 seconds without a temperature rise of approximately 300° C. 
being exceeded. The ohmic value of the resistance is determined 
by the current required to trip the breakers on the largest feeder. 

Where it is desired to earth through a resistance, and two or more 
generators are operated in parallel, the simplest and best method in 
so far as earthing is concerned is to connect the neutral of all the 
generators to a common busbar which is earthed through a suitable 
resistance. Then, regardless of the number of generators, the value of 
the earth resistance will always be the same. With this arrangement 
switches must always be provided between each generator and the 
neutral busbar, otherwise a generator disconnected from the main bus 
and shutdown may be raised to a dangerous potential above earth, in 
case of an earth on any feeder. The objection to this method of con- 
nection is that in certain cases very heavy currents may circulate 
through the neutral connections and generator windings, and while the 
deleterious effect of this current has been greatly overestimated, it 
appears that in certain cases it has been almost impossible to operate 
with the neutrals connected solidly together. When the wave-forms 
of the different machines are exactly the same, no current can flow 
through the neutral connections, but when the wave-forms are different 
and there is a third (or multiple of three) harmonic present, current 
will flow through the neutral connection, the amount of which will 
depend upon the value of the third harmonic, the displacement angle, 
aod upon the impedance that the generator offers to this current of 
triple frequency. Machines which at no load give m circulating 
current, may show heavy circulating currents as the load comes on, or 
vice versa. The amount of the circulating current also depends upon 
the adjustment of the field current of the different machines, and upon 
the angular variation in speed of the prime movers. 

In certain abnormal cases the current in the neutral may amount to 
the full-load current of one generator or even more. It should be noted, 
however, that the neutral current divides equally among the three 
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phases of the generator, so that full-load current in the neutral is 
equivalent to only 33 per cent full-load current in the windings of the 
generator, and since the heating in the windings is equal to the sum of 
the squares of the main and circulating currents, the resultant heating 
is increased by only 11 per cent—not a serious amount even with this 
very high value of circulating current. With 30 per cent of full-load 
current in the neutral the resultant heating in the generator is increased 
by only 1 per cent at full load and is quite negligible. 
It would seem advisable, therefore, to try connecting the generator 
neutrals solidly together, especially in the case of turbo-generators, 
where there is no angular variation in speed, and therefore less chance 
of circulating currents. Should satisfactory operation be impossible, 
then only one generator should be connected to the neutral bus, or 
resistance may be inserted between each generator and the neutral bus. 

Of the three methods, that of connecting the neutrals solidly 
together is undoubtedly the simplest and best, while the method of 
operating with an earth on only one generator comes next in simplicity. 
The switching on and off of the ditferent generators to the neutral bus 
may be done automatically, as at the London County Council Greenwich 
generating station, or it may be done by hand. While the latter 
method depends upon the memory of the station attendant, or upon 
the systematic operation of the station, the fact that the attendant may 
forget to connect a machine to the neutral busbar does not mean 
disaster, as it is only in case of a cable breakdown that trouble may 
occur, and it must be remembered that many stations are operating 
successfully with an unearthed neutral. 

Where resistances are used between each generator and the neutral 
bus, a very considerable expense is involved in providing these resist- 
ances, and it is often difficult to find room in the station to accommodate 
them ; also the resistance in the earth circuit is much less when there 
are several generators in parallel than when only one is in use. 

(b) Generators supplying Overhead Transmission Line without Step-up 
Transformers.—In this case there are usually a comparatively small 
number of transmission lines, and an earth on one wire is not likely to 
cause a short-circuit between wires, so that with an unearthed ncutral 
it is quite possible to run for a long period with one wire earthed. If 
there are not sufficient feeders to all distributing. centres to make it 
possible to cut out a defective one and deliver full load over the others, 
the possibility of being able to operate with one wire earthed may be 
sufficient far to outweigh the only practical advantage gained by earth- 
ing the neutral, which is the ability quickly to cut off a feeder in the: 
event of an earth upon one wire. Limiting the voltage between each 
wire and neutral, which can be done by earthing the neutral, is of very 
little importance, since the voltage is in no case very high, and the 
generators and the line must be insulated to withstand strains set up by 
lightning discharges and other abnormal conditions. It would appear, 
therefore, that in the majority of cases the weight of the arguments are 
in favour of operating with the generator neutrals unearthed, 
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(с) Generators supplying Transformers which Step Up to a very High 
Vollage for Long-distance Transmission.—In this case there are condi. 
tions involved which make it extremely desirable to earth the neutral 
or else to earth the low-tension side of the transformers. 

If one terminal of the high-tension side of a single-phase transformer 
be connected to a high-tension line, and the low tension be open-circuited, 
the high-tension winding assumes a potential above earth equal to that 
of the line to which it is connected. The high-tension winding then 
acts as one plate of a condenser, with the low tension and core as the 
other plates. The low-tension winding also has static capacity to the 
iron, and it will therefore assume a potential above earth the value of 
which will depend upon the relation between its capacity to the high- 


Core. 


Core. 


Ф 
Fic. 2.—Electrostatic capacity between Coils, and between 
Coils and Core of a Transformer. 


tension winding and its capacity to earth. In practice it may easily 
assume one-half the potential of the high-tension winding (see Fig. 2). 
If— 
К = capacity between high tension and low tension, 
K, = capacity betwen low tension and core, 
V = voltage of high-tension line, 
V, = potential of low-tension winding above earth, 
> К 
V,=V х K, 
lf both terminals of the high-tension winding are connected to the 
high-tension lines, the resultant potential of this winding above earth 
will be zero, and the resultant potential of the low-tension winding 
above earth will also be zero. If, therefore, one terminal of a trans- 
former be connected to or disconnected from a line before the other, 
the low-tension winding during this period may assume a very high 
potential above earth and its insulation be broken down to earth. 
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When the low-tension winding is connected to a generator, the 
generator winding also has capacity to earth, so that the capacity of 
the low-tension winding to earth is increased by this amount and its 
voltage correspondingly reduced. If the capacity of the generator- 
winding to earth = K, then the voltage of the low-tension circuit 


above earth z V x EIE Thus, while the voltage is reduced by 


connecting the transformer and generator windings together, it may 
still be dangerously high. 

When both terminals of the high-tension winding are connected to 
the line and one wire is earthed, the resultant voltage of the high- 
tension winding above earth will be V/2, and that of the low-tension 
winding will be one-half as great as before, but may still be danger- 
ously high. 

In the case of a 3-phase transformer the conditions are much the 
same as described above for a single-phase transformer. If one 
terminal of the transformer is connected to the line, the whole of 
the high-tension windings will be raised to full-line potential above 
earth, and the low-tension winding wijl be raised to a correspondingly 
high value. If the three terminals of the high-tension winding are 
connected to the line and one line wire be earthed, the resultant 
potential of the high-tension winding will be 58 per cent of the line 
voltage above earth, while the low tension will be 58 per cent of its 
former value above earth. 

It is evident that when the neutral of the high-tension system is 
unearthed there are several possibilities of obtaining a high voltage 
on the generator windings, viz. in the case of an earth on one high- 
tension wire, or in the case of the switches in the three phases not 
operating simultaneously. It®is not necessary that a line wire should 
be permanently earthed in order to raise the voltage on the low-tension 
circuit, as a discharge over a lightning arrester may so disturb the 
static balance of the system as to produce a high potential on the low- 
tension winding. 

A case is on record where several generators in parallel were 
supplying a very high-voltage line through step-up transformers. The 
neutral point of the generators was unearthed. The lightning arresters 
on one high-tension phase broke down and the generator windings 
were raised to a high potential. One generator broke down, and the 
attendant, seeing smoke, cut it off the busbars. A second machine 
immediately broke down, and was in turn cut off. This was repeated 
until nearly all the generators in the station were broken down. The 
attendant then cut off the excitation. Had the neutral point of the 
generators or that of the high-tension side of the transformers been 
earthed, the trouble could not have occurred in the generator circuit. 
There is, however, a chance of similar trouble even when the high- 
tension neutral is earthed, provided the generator neutral is unearthed. 
This occurs when the insulation between the high- and low.tension 
windings of the transformer breaks down at one point. The low-tension 
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winding then assumes the potential of the high-tension winding at 
the point of connection, and a breakdown on the low-tension system 
is almost certain to follow. 

With electrolytic lightning arresters it is necessary to connect the 
aluminium plates to the lines at frequent intervals in order to preserve 
the film on the plates. These plates have a high electrostatic capacity, 
and a considerable charging current flows through the arrester while 
it is connected to the line. Ithas been found on one system that when 
the arresters are being charged, disturbances are set up on the system 
and breakdowns have occurred on secondary circuits. It is quite 
possible that this trouble is due to the static unbalancing of the high- 
tension circuits, which in turn raises the secondary circuits to a high 
potential above earth. 

Where it is considered undesirable to have a direct connection 
between low-tension windings and earth, a spark-gap may be placed 
in the circuit and set to break down at a pressure slightly above the 
normal voltage of the winding above earth. 

Another method of protecting the low-tension system in the case of 
breakdown between thelwindings of the transformer is the use of earth- 
shields between primary and secondary windings. This system was at 
one time in gencral use in this country, but it is now scarcely ever 
called for. The objections to it are :— 


(a) Increased transformer cost. 

(b) Increased risk of transformer breakdown. 

(c) No protection when breakdown is between leads or anywhere 
except between transformer coils. 

(d) The danger that earth-shields may become displaced. 

(e) The leads connecting earth-shields to core may be broken due 
to vibration or to settling of core and coils, or they may be 
burned off due to heavy charging current which may flow 
over them. 

(f) Part of earth shield in the neighbourhood of fault may be 
burned away and leave primary and secondary windings 
connected together with no earth on the system. 


While it may be argued that many of these difficulties are due to 
defective manufacture, and should not occur provided proper pre- 
cautions are taken, there is always the possibility that they may occur, 
and the practical impossibility of inspecting the earth-shields after the 
coils are assembled makes it almost impossible to determine their 
condition, 

Thus in the case of generators supplying a high-tension trans- 
mission line through transformers, it is highly desirable to earth the 
neutral point of the generators, and preferably through a rather low 
resistance. If it is not desired to connect permanently to earth, then a 
spark-gap should be used in the earth connection. 


ь. 
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2. HIGH-VOLTAGE TRANSMISSION CIRCUITS. 


The arguments in favour of earthing the neutral in the case of high- 
voltage transmission circuits are :— 


(a) The possibility of cutting off the circuit in case of an acci- 
dental earth on any wire. 

(b) Reduced cost of transformers and of line insulators due to 
limiting the voltage above earth to 58 per cent of line 
voltage. 

(c) Reduced cost and closer possible setting of lightning arresters. 

(d) The possibility of using the earth as a conductor in the event 
of one line wire being disabled. This requires an earth at 
both ends of the line. 


The argument against earthing the neutral is that an earth on one 
wire makes it impossible to transmit over the circuit. 

(a) Whether there is any advantage in being able to cut off a circuit 
in the event of an earth on one wire depends upon the number of 
circuits available. In general, there are seldom more than two circuits 
to any sub-station, and often there is but one, so that cases may often 
arise where, to keep up the supply, it will be absolutely necessary to 
operate with one wire earthed. This method of operation would be 
impossible with an earthed ncutral. Also an earth on one wire is not 
likely to develop into a short-circuit between phases, so that there is no 
particular need for cutting off the earthed circuit. 

(b) The higher the voltage of the transmission the greater will be 
the saving in first cost made by insulating the transformer for 58 per 
cent of the line voltage and by using line insulators for a corresponding 
voltage ; but in general it is bad practice to adopt this expedient, for it 
may prove impossible to operate continuously with an earthed neutral, 
due to disturbances on adjacent telephone circuits which may occur 
under certain abnormal conditions, and in the event of an earth on one 
wire it may be essential to remove the neutral connection and operate 
with one wire earthed. In general it is poor economy to cut down 
insulation on either lines or transformers. 

(c) If the system may sometimes be operated without earthed 
neutral the lightning arrester equipment must be suitable for this con- 
dition, so that there is no saving in first cost; but as long as the system 
is operating properly with earthed neutral the arresters may certainly 
be set for lower discharge values than when the system is unearthed. 

(d) In the event of one wire on an earthed system going to earth, it 
would still be possible to transmit approximately two-thirds the full 
amount of power over the two remaining wires, provided thc neutral 
points at both ends of the line were solidly earthed and one line with 
its corresponding transformers cut out of circuit. In this case the 
earth would carry full-line current, and in very few places would this 
be allowed on account of disturbances to neighbouring circuits, 
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The neutral point of a high-tension system can be obtained only by 
connecting the high-tension windings of the transformers in star, or by 
the use of an auto-transformer, and this latter method is seldom if ever 
used. If the high-tension windings are connected in star, then damage 
to one transformer disables the whole group, while with the delta con- 
nection on both windings one transformer of the group may be cut out 
and approximately two-thirds the capacity supplied from the remaining 
transformers. (This does not hold in the case of 3-phase core-type trans- 
formers, but is true for single-phase and 3-phase shell-type transformers.) 

The conclusions to be drawn from the above are that in the great 
majority of cases continuity of service will demand that the system be 
operated with an unearthed neutral, and that in general the transformers 
should be connected in delta on both high-tension and low-tension 
windings. 


3. DISTRIBUTION CIRCUITS. 


When it comes to a study of the question of low-tension distribution 
circuits, the majority of the arguments presented above will apply here 
also, but there enters one other consideration, i.e. the danger to human 
life. 

If the neutral point of, say, a 500-volt system is earthed, then the 
maximum potential above earth which any point of the system can 
reach is 290 volts. If the system is supplied from a 500-volt generator, 
the difference between a 500-volt and a 29o-volt shock may mean the 
difference between life and death, or it may not, and there is certainly 
greater risk of shock from a system which is permanently earthed than 
from one which is earthed only occasionally. The higher the voltage 
of the generator the less will be the value of the earthed neutral in 
preventing danger to life due to reducing the voltage to earth. 

When the distribution circuits are supplied through step-down 
tranformers, there is always the possibility that the low-tension 
Circuits may be raised to a very high potential, either through an earth 
on one wire of the high-tension system, or through a connection 
between high tension and low tension inside the transformer. In the 
former case there is great danger to low-tension insulation, and in the 
latter there is danger to life as well as to insulation. 

Thus, where the distribution circuit is supplied direct from a 
generator, the advantages of the earthed neutral are the ability quickly 
to cut off a defective circuit and a possible reduction in risk to life, due 
to lower maximum voltage to earth ; but where the circuit is supplied 
through step-down transformers from a high-voltage line, there is danger 
to life and apparatus if the neutral is unearthed. 

Where a single-phase circuit is supplied from a single-phase trans- 
former, the low-tension winding should be earthed, preferably at the 
middle point of the winding, but it is better to earth one line wire than 
to leave the system unearthed. 
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CONCLUSIONS. 


I. Generators.—When generators supply a system of underground 
cables, the neutral should be earthed through a resistance. This makes 
it possible to isolate a cable in the event of an earth on any phase before 
such an earth develops into a short-circuit. 

When generators supply overhead circuits, it is a question of 
balancing continuity of service against the ability to cut off a feeder 
in case of an earth upon one wire. If there are comparatively few 
feeders, and these of large capacity, the balance will usually be in 
favour of not earthing, but each case must be considered individually. 

When a generator supplies transmission lines through step-up 
transformers, the neutral should always be earthed or connected to 
earth through a spark-gap, otherwise the generator windings may he 
raised to abnormally high potential above earth. The neutral may be 
earthed direct, though a comparatively low resistance will usually 
be preferred. 

2. High-voltage Overhead Transmission Lines.—In this case the 
number of circuits supplying any particular district is ordinarily very 
small, and as an earth on any one wire is not likely to develop into a 
short-circuit between phases, considerations of continuity of service 
will usually determine that the high-tension system should be run 
without an earthed neutral and with both windings of the transformers 
connected in delta. 

3. Distribution Circuits.—When the working circuits are supplied 
direct from a low-voltage generator, the advantage in earthing the 
neutral is the possibility of cutting off immediately any defective 
feeder, and when the necessary apparatus is provided for this purpose 
earthing will in general be preferred. 

When the working circuit is supplied from a transformer stepping 
down from a high-voltage line, the neutral should always be earthed. 
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DISCUSSION. 


Мг. Н. BRaziL : I think that this is the kind of paper we really want : 
itis clear; it is entirely fair; it has no particular bias one way or the 
other, and it reviews the whole subject. I admire the author for put- 
ting forward the disadvantages of an apparatus of which he used to be 
fond, namely, the electrolytic lightning arrester. He mentions that such 
arresters introduce trouble because they cause surges on the system. I 
think if any author includes such a statement when it is not absolutely 
necessary, that shows how fair he is. 

I find myself mainly in agreement with the author ; but there are 
some points upon which I should like to make a few remarks. Dealing 
first with systems supplying a network of underground cables, with 
which I have had most experience, I am entirely with Mr. Peck when 
he says that the neutral should undoubtedly be earthed. In the Com- 
pany with which I am connected we started with the neutral insulated, 
but owing to the enormous rises of pressure that we used to get we bad 
{о earth the neutral. This, in conjunction with the provision of suitable 
lightning arresters, had a very beneficial effect, and we have retained 
the earth ever since. There is a very distinct advantage, as mentioned 
by Mr. Peck, in having the neutral earthed, owing to the fact that 
lightning arresters may be set to spark at a very much smaller increase 
above the normal pressure than is possible where the neutral is insulated ; 
and further, lightning arresters are much more certain in their action in 
a system where the neutral is earthed. They are also much cheaper, 
because less apparatus is required. Convinced, as I am, that we ought 
to earth the neutral point, I am more than ever convinced that the 
proper thing to do is to earth it through a resistance. Why do we 
earth the neutral point? I think the answer is given on the first page 
of the paper, where it says that the advantages are, first, “ The limiting 
of the voltage between line wires and earth," and secondly, “The 
possibility of cutting off any wire or feeder in the event of an earth 
upon it.” Taking the first point, I should like to emphasize the fact 
that, until an earth occurs, the neutral point is just as fixed with a 
resistance in circuit as without a resistance; and all the advantages 
that you get from earthing the neutral point exist with the resistance 
in circuit. Further, when one phase goes to earth and current passes 
through the resistance I cannot see that the potential of the other 
phases above earth can exceed that which normally exists between 
phases. With regard to the other point, cutting out the feeders, why 
should we émploy more current than is necessary to trip the automatics 
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on the faulty feeder? It is clear that if we have a system with the 
neutral point earthed without any resistance we may get ten, twenty, 
or thirty times as much current as is really necessary to trip the 
automatics on the feeders. This, of course, is very bad, as the large 
current causes surges in the system, so that other breakdowns may 
occur elsewhere. It therefore appears that there is no really serious 
disadvantage in putting a resistance in the neutral earth connection ; 
and there are very distinct advantages in doing so. Coming now to 
the resistance itself, I venture to suggest that iron grids are not 
the best type of material to use, chiefly because iron has a positive 
temperature coefficient, i.e. it increases in resistance as it heats up. 
If the current that passes at the moment the fault occurs is not 
sufficient to trip the automatics, it is clear that they will never come 
out, because the resistance goes on increasing in value and the 
current is less after a few seconds than it was at the beginning. 
Consequently, unless the initial current is large enough, the follow- 
ing currents will certainly not be so. It is necessary, therefore, to 
make this resistance very much smaller in ohmic value than would 
otherwise be desirable. First take the figure (300° C.) the author 
gives as the temperature to which this earthing resistance of the grid 
type might be allowed to attain. I am not absolutely sure, but I 
believe that the increase of resistance of this iron grid would be some- 
thing like 50 per cent—by the way, I do not think it is pure iron. We 
then have to consider that the fault may occur at the end of the very 
longest feeder, and the resistance of that feeder itself has to be con- 
sidered. Further, we have to consider the contact of the fault itself, 
and finally the earth return. Adding all these resistances together, it 
would appear that it is necessary to have a resistance which is one-half 
or one-third of the original value that is got by taking the voltage to 
earth and dividing that by the current required to trip one automatic. 
Take a case in point ; say, an 11,000-volt system, with 6,000 volts approxi- 
mately to earth, and an automatic cut-out set to operate at 250 amperes. 
The resistance is 6000/250, that is, 24 ohms, assuming no resistance 
in the feeder or the contact, or anywhere else. But since it is necessary 
to have one-half or one-third of that value, we have to make this iron 
grid resistance something like 8ohms. From this it would appear that 
what is really necessary is a resistance which has a negative tem- 
perature coefficient, z.e. which decreases in ohmic value as it heats up. In 
the discussion on Mr. Rider’s paper about three and a half years ago* 
I described such a resistance, but it was then only on paper. Since 
then, however, these resistances have been in service, and I think 
it will be of interest if I describe a resistance which has been in 
use for 24 years on the Lancashire Electric Power Company's system. 
Fig. A shows the resistance in question. It consists of 72 fire-clay 
troughs, 22 in. long and 8 in. wide, filled with a special carbon powder. 
At the ends are carbon terminals in which flexibles are embedded : 
and these flexibles serve to connect the troughs together. Thetroughs 
* Sournal of the Institution of Electrical Engineers, vol. 43, р. 330, 1909. 
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are separated from each other by small pieces of asbestos millboard, 
and they are grouped eight sets in parallel and nine in series. This 
resistance will pass, on the system in question (11,000 volts between 
phases, 6,000 volts to earth), 200 amperes at the moment a fault occurs. 
One naturally asks, Does the thing work? I have written to Mr. C. D. 
Taite on the matter, and he tells me that he is quite satisfied with the 
working of the resistance, and that it has done away with a great deal 
of the trouble previously experienced with an iron grid resistance. 
He further mentioned to me that owing to the resetting of the trips 
on the feeders it has been necessary to reduce the initial current at the 
moment a fault occurs from 200 amperes, for which it was designed, to 
50 or 60 amperes ; but he found no difficulty in obtaining the necessary 
ohmic value by regrouping the troughs. It is quite easy. In fact, the 
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resistance is like a huge box of bricks ; castles can be built of different 
shapes and resistances obtained of different ohmic values. 

Coming back to the comparison of the two resistances, I would 
point out that it was necessary for the iron grid resistances to be of as 
low a value as 8 ohms in order to work on this particular system ; that 
would give 750 amperes when a fault occurred. The carbon powder 
resistance, however, had a resistance of 30 ohms, which allows ‘only 
200 amperes to flow, that is, 750 amperes in the one case and 200amperes 
intheother. I venture to think that the shock to the system in the 
one case would be very much less than in the other, and probably 
there would be no trouble due to surges. Another rather interesting 
point is that if a fault clears itself effectively, that is to say, if the arc 
goes out at once, from the point of view of continuity of supply—which 
is the great thing that station engineers have to consider—there is no 
reason why the feeder should be cut off. One naturally says, is it 
possible to get a fault which effectively cuts itself off? I fancy so, 
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if the case of accidental earths in a high-tension chamber is con- 
sidered. We in the early days of our supply had a very consider- 
able amount of trouble from this cause, due to cats and rats, a number 
of whom were electrocuted in the high-tension chamber, much to the 
detriment of our supply. Taking the case before mentioned, viz. 
cut-outs set at 250 amperes, and a resistance passing 200 amperes, it is 
clear that if the fault immediately clears itself the feeder will not be 
cut off ; but if the fault remains on, the carbon powder resistance will 
in a few seconds decrease in value sufficiently to allow 250 amperes to 
flow, so that the faulty cable will be cut off. It thercfore acts as a 
time limit. I do not think I mentioned in describing the resistance 
that the latter has no screwed contact of any kind whatever; it is 
practically indestructible, being constructed of fireclay and carbon 
powder, and there is no possibility of breaking the circuit. 

Dealing further with the paper, I wish to thank the author for 
reminding us that the current which flows between the neutral points 
of generators connected together is divided between the three phases. 
Most people are apt to forget this when they are considering the 
question of circulating currents ; and, as the author pointed out clearly, 
the heating effect due to these circulating currents is really quite 
negligible in most cases. I therefore agree that the best possible 
thing is to earth the neutral points of the generators solidly to a bar 
and to connect this bar to earth through a resistance. If it is abso- 
lutely impossible to have the generators without some resistance 
between their neutral points, it is, of course, easily done, and I think 
the resistance might be quite small. Another real danger that Mr. 
Peck points out, is due to the fact that we may have a system where we 
transform up and where one terminal of the transformer is connected 
and not the other ; with the result that we get a very high potential 
from the low-tension windings to earth. I fancy this is a matter 
which is not sufficiently well known. It may have accounted for a 
large number of breakdowns which had previously been rather 
difficult to explain. There is no doubt that in those cases earthing 
is absolutely essential. 

Mr. W. A. CHAMEN: The case in which I am interested is one 
where both underground cables and overhead lines are used ; perhaps 
I have, therefore, not been quite able to follow Mr. Peck’s arguments 
in the case of a transmission system in which only overhead lines are 
used. What we have had to do is to earth the neutral of one alternator 
опу. We are not in that happy position of being able to connect the 
neutrals of all our alternators together. I do not know of any one at 
present who is in that happy position. With regard to earthing 
through a resistance, that question has just been receiving our most 
careful attention, and, although up to the present we have worked 
without any resistance, we have now decided that we must install one. 
Obviously, as the installation increases, the amount of breakdown 
current passing becomes more and more serious, although I suppose 
that by earthing the neutral point of only one alternator we do put 
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alimit on the amount of current which can pass. The reason why 
in our case we decided to earth the neutral point (which for some 
time was unearthed) was because we were troubled with breakdowns, 
not in the mains, but in the sub-station equipments in which there 
were some weak places that have now all been made secure. At 
that time we never had one breakdown alone; if there was a break- 
down at all it was always a double one. Such breakdowns also did 
not occur in the same sub-station at the same time; we would have 
one at one end of the system and the other ro or 15 miles away. 
This condition of things was quite intolerable. So we earthed the 
neutral and then succeeded in having breakdowns, at any rate, only 
one at a time, which was a great relief. I want to ask the author 
if he has considered the question of earthing one phase instead of 
earthing the neutral point. I know it sounds a horrible thing to 
suggest and it is looked upon as a sort of heresy; but I will draw 
his attention to the fact that in the case of overhead lines he recom- 
mends no earthing at all and then goes on to say that, in the event 
of a mishap, it is possible to run for some time with one phase earthed. 
It follows, therefore, that Mr. Peck contemplates making the insulation 
of the lines in that case sufficient to stand the full voltage, otherwise 
it will not be possible to run at all ; the whole system will break down. 
Now I want to ask, Is the increased cost of insulation required theo- 
retically—I put it theoretically because I do not believe that practically 
there is anything extra required—if we earth one phase, a serious 
matter? Does not Mr. Peck really think that in any case the insula- 
tion of the three phases must be sufficient to stand the possible 
contingency of one phase going to earth even if we do resort to 
earthing the neutral, but through a resistance? The point is: Must 
we not incur just the same cost of insulation no matter whether we 
earth one phase or the neutral? I am alarmed at the idea of running 
even an overhead circuit with what we should call a breakdown on 
it. Our view, although I admit it is not perhaps based on what Mr. 
Peck has put before us, has always been that if there is a wire down 
to earth, anywhere, the sooner we get the circuit off, the better. We 
do not consider it at all safe to run under those conditions. Perhaps 
Mr. Peck has in mind some systems in other parts of the world ; I 
think that anywhere in the British Isles the rule would be that if there 
was a breakdown of insulation of one phase the whole circuit ought 
to be cut off. 

Then with regard to the sub-stations, we have in most cases in 
South Wales installed three single-phase transformers coupled in 
delta, and the secondaries are mostly wound to give 2,200 volts 
between phases. We have no neutral to earth. In supplies to collieries 
and other places it seems to me it would be a great advantage if we 
were allowed to earth one phase and pay attention only to the insula- 
tion of the other two. We should then be able to use automatic 
devices which, unless we put in an artificial neutral, we are absolutely 
prohibited at present from using. I regret to say that that is the 
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position under the last issued Mining Regulations, and I cannot help 
thinking it is a mistake. With regard to lighting transformers, we 
have a certain number of these in use now, the primary pressure being 
11,000 volts and the secondary 400 volts, arranged to give 230 volts 
from each phase to neutral. We have made these transformers 
3-phase star-connected, and we work with a 4-wire system. In 
these cases we put the neutrals solidly to earth. No trouble arises, 
and I quite agree with Mr. Peck that it seems to be absolutely 
essential from the point of view PB safety to earth the neutrals solidly 
in such cases as those. 

Mr. G. W. PARTRIDGE : The question of earthed versus unearthed 
neutrals is a very important one. I was going to ask exactly the same 
question as that asked by Mr. Chamen, namely, Why the author has not 
considered the question of carthing one phase entirely ? It appears to me 
that in earthing one phase we shall get over a great many difficulties. 
There would be no third harmonic in the neutral conductor when 
alternators were running in parallel with their neutrals connected up. 
Such an arrangement would reduce the cost of switchgear, as it would 
only be necessary to deal with two phases instead of three. I feel sure 
we are all agreed that running three phases everywhere in our sub- 
stations and installing fuses, isolating switches, and oil switches on all 
three phases, to say nothing of placing each phase in a separate com- 
partment, is a very complicated matter. If we had to deal with two 
phases instead of three, I think it would be a great advantage, and I 
should like to know what Mr. Peck thinks about that. I quite agree 
with his remark in regard to earth-shields for transformers. I think 
earth-shields are very dangerous, and I hope that all engineers who 
think of using them will refrain from doing so. I have had exactly the 
same experience as that he describes, the burning away of the earth- 
shield at the time of the fault, leaving the primary and secondary 
windings of the transformer in connection. The author has referred 
to the unearthed neutral in the high-voltage transmission line. I 
should like to ask him what would happen if a transformer breaks 
down and the primary makes contact with the secondary? Also, what 
is there to cause the faulty transformer to be cut off? It appears to me 
that the fault will remain until an earth appears on one of the other 
phases, and that there is the danger of charging up the secondary or 
low-tension circuit to a dangerous potential, and of people getting 
serious shocks unless the earth resistance is low enough to blow the 
fuse or to trip the circuit-breaker. On page 153 the author describes 
a method of constructing the resistance in series with the neutral of 
the generators. Has he considered the question of putting a spark- 
gap across the resistance, so that if the pressure rises across this 
resistance more than a predetermined amount tbe current jumps across 
the spark-gap and either trips a switch or short-circuits the resistance, 
putting the neutral point of the generator direct to earth? I have had 
some experience in this matter myself, and such an arrangement 
as I have described works quite well, The author suggests that a 
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ѕрагк-бар might be used on the neutral of generators if it is not M 


desired to connect the neutral permanently to earth. I suggest that, 
instead of using the spark-gap alone, an arrangement is made whereby 
the spark-gap is in series with a solenoid which causes a switch to act 
and puts the neutral to earth, instead of the main current going across 
the spark-gap itself. I find in practice that when the spark-gap alone 
is used the short-circuit current of the generator either melts the 
whole thing up solid or blows the apparatus to pieces. The author 
concludes his paper by saying, “ when the working circuit is applied 
from a transformer stepping down from a high-voltage line the neutral 
should always be earthed.” I should like to suggest an addition to this 
paragraph, viz. “In cases of sub-stations or transformers above a 
certain capacity a definite path back to the generating station should 
be provided." І show in Fig. В a single-phase system, as it is simpler. 
The diagram illustrates a single-phase generator, with one pole earthed 
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at A, supplying an extra high-tension system. The transformer is 
shown connected to the end of the high-tension feeder. The low- 
tension side of the transformer supplies a 3-wire system with a 
neutral point earthed at B. If the transformer fails and the high- 
tension current gets on to the secondary winding, the earth at B will 
possibly be of low enough resistance to allow a sufficient current to 
flow back to the generating station to cause the fuse or circuit-breaker 
F to act and to cut off the faulty transformer if it is of small capacity. 
If, however, the installation is a large one, say over 500 kw., and the 
Crcuit-breakers or fuses only act with a large current, it is quite 
possible, if the resistance between the two earths A and B is at all 
high, to have the ground reund the point B charged up to a very 
high potential, the highest potential being near the point of earthing. 
I have known a case in one of our sub-stations in which the whole of 
the floor was charged up and men received shocks from one foot to the 
other when walking across the floor; horses have also been killed 
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by standing near faults, where the ground had been charged up due to 
a fault to earth. By placing a spark-gap or safety device between the 
earth-plate B and the outer of our high-tension system, we provide a 
metallic return to the generating station, which at once causes an 
automatic switch or fuse to act and cut off the faulty apparatus. Such 
apparatus also prevents undue strain being placed on the insulation of 
the outer conductor of a concentric system which has its outer earthed 
at the generating station only. 

Mr. K. EDGCUMBE : There is one point on which I wish Mr. Peck 
had given us rather more information, namely, the adaptability of the 
two rival systems to the provision of some means for obtaining a con- 
tinuous indication of the state of the insulation. I fully admit that, 
where it is merely a question of safety, it is quite sufficient to provide 
circuit-breakers which will cut off the faulty section on the occurrence 
of a fault, but this, it seems to me, is very like locking the stable door 
after the horse has been stolen ; and, from the engineer's point of 
view, which, as Mr. Peck says, is continuity of service, it is of the 
greatest moment to have some means of seeing how the insulation is 
standing up from day to day. In some respects an insulated system 
lends itself more readily to this. As the author has pointed out, the 
potential difference between each main and the earth is dependent 
upon the insulation of that main, and this leads to a very simple method 
of determining the insulation continuously. One of the simplest 
methods is the well-known one of connecting a voltmeter, preferably 
an electrostatic voltmeter, between each main and the earth ; and this 
is coming very largely into use. At one time engineers were much 
prejudiced—and rightly so—against electrostatic voltmeters; and I 
must confess that ten years ago they were terrible monstrosities, the 
climax being reached, I think, when the makers provided spark-gaps in 
order to protect them, apparently quite forgetting that in other parts of 
the installation thousands of pounds had been spent in trying to keep 
the two phases apart! All this, however, is now a matter of the past, 
and the modern electrostatic voltmeter is really a very workmanlike 
instrument. In the first place, it is not as a rule connected direct to 
the mains at all, but is, for high-tension work, generally connected 
through a condenser which acts inductively ; the condenser is often 
buried in a porcelain insulator, and the voltmeter or indicator, as the 
case may be, is contained in a cast-iron case which is earthed, so that 
the whole is practically indestructible. It may be of interest, perhaps, 
to say that I happen to know of 200 electrostatic instruments which 
have been installed in the Midlands within the last two years, and up to 
two days ago, when I inquired, not only had they not broken down, 
but they had given no trouble whatever. The system is working 
at 5,000 volts. Given a satisfactory indicator it seems to me that 
where the system is insulated it is certainly wise to provide some- 
thing of the kind, becfuse the readings of such indicators can then be 
logged daily, thus giving the engineer an insight into how things are 
going. On an earthed system there are various methods of obtain- 
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ing a similar indication, one of the simplest being that shown by Mr. 
Peck in Fig. 1, the only difference being that in the common return 
of the three-current transformers (in series, that is, with the trip coil) 
an indicator is inserted which is nothing more or less than a low- 
reading ammeter; and this indicator shows the out-of-balance 
current, that is to say, the leakage passing back through the earth. I 
might mention also in connection with that diagram, that, whether an 
indicator is inserted or not, these three transformers do not usually 
form an additional equipment, because they generally exist already for 
working the overload relays on the feeder; so that practically the 
author's proposal of a trip coil in the circuit, or my further suggestion 
of adding an indicator, does not in any way increase the plant required. 
I certainly feel that since such indicators can be so easily added, 
either to an insulated or an earthed system, it is a mistaken policy not 
to include them. 

Mr. J. SHEPHERD: I have only a few remarks to make, and they 
deal with my experience of 3-phase working. I think any one 
working with a large network of lead-covered cables would like to see 
as little disturbance on those cables and as little earth current passing 
along their lead sheaths as possible ; for that reason it is certainly 
desirable to have some means of earthing the neutral, preferably 
through a resistance. Mr. Peck indicates in his paper that we might 
in the case of several generators solidly connect the neutrals of those 
generators together. I do not know if he thinks that can be done in 
all cases. I have looked up a good many references on the point, and I 
find very few cases where that has been done. In such data as I 
have been able to get I find that the difference in potential between 
the so-called neutrals of two similar machines—two 6,600-volt machines 
—has been as much as 500 volts, and I think with that potential 
difference it is certainly not desirable to connect the neutrals together. 

Some very interesting advice was given about three years ago in the 
paper read by Mr. Rider * on earthing the neutrals of generators, and it 
has been described rather inaptly by Mr. Brazil as a paper method. I 
thought the details might be of interest to the members, so I have 
brought with me the drawings of the resistances and automatic 
Switches, and they are now on the wall. The resistances are installed 
at Greenwich generating station, and have been working now for some 
three or four years with every satisfaction. In the discussion on 
Mr. Rider's paper Mr. Brazil raised some question about the cost of the 
apparatus. He showed us a very interesting example of his own type 
of resistance, and a very excellent one it was too, but he gave us no 
indication of its cost. I shall go a little better than that and say that the 
resistance which we put in at Greenwich cost £120, has a capacity of 
500 amperes, and a resistance of about 34 ohms, so that I do not think 
itis so very expensive after all. The automatic switch cost £45, and I 
do not think that is a very serious item. Remarks have been made 
about running a 3-phase system with one of the legs earthed. I 

* journal of the Institution of Electrical Engineers, vol. 43, p. 235, 1909. 


Mr. 
Edgcumbe. 


Mr. 
Shepherd. 


Mr. 
Shepherd. 


Mr. Brazil. 


Mr. Sparks. 


170 PECK: EARTHED v. UNEARTHED NEUTRALS ON [28th Nov. 


think this can be done with certain advantages, but I do not think it is 
advisable to do it if one of the legs is earthed, as it may be through an 
arc, to the lead sheathing ; and that is what I think will occur if the 
neutral is not properly earthed and the circuit is protected by relays. 
I consider that is a strong argument for earthing the neutral. 

Mr. BRaziL: May I correct an impression under which Mr. 
Shepherd is labouring? He referred to me as if I had said 
something about Mr. Rider's resistance being a paper resistance. I 
was simply stating that my own resistance had not been made at the 
time when Mr. Rider read his paper. As regards cost, the resistance 
I have described to-night is capable of absorbing 1,200 kw. at 
the instant the current comes on, and 2,000 kw. at the end of one 
minute. I should not much mind if the resistance was left on for five 
minutes. "The cost of it was approximately £40, so that those figures 
will compare very favourably with Mr. Shepherd's. 

Mr. C. P. SPARKS : I find myself in general agreement with Mr. Peck 
in regard to nearly the whole paper. My experience during the last 
25 years, since I was connected with Mr. Ferranti's early experiments 
in earthing the neutral, has been almost entirely confined to working 
with the neutral of 3-phase or the outer of concentric cables earthed, 
so that I am not really able to deal with the matter from the point of 
view of theunearthed neutral. This subject appearsto be divided under 
twoheads. The first is the question of the safety of the public. If we 
consider the question of overhead wires, the character of the United 
Kingdom and the dense population makes it essential that the neutral 
should be earthed on all overhead systems. Although, by insulating the 
neutral, we can maintain supply with a partial fault on one conductor, 
there is a serious risk to the public; and for that reason I think it 
essential that in every case where overhead wires are used the neutral 
should be earthed. The other point is with regard to security of supply. 


Atthe commencement of the paper Mr. Peck suggests the value of earth- 


ing, by limiting the voltage between the line wires and earth. I think 
the advantage is hardly strongly enough brought out. I agree that the 
generators and motors and all other apparatus should be insulated to 
withstand the full pressure to earth; but if we have a system with an 
unearthed neutral we have an unstable system, as the pressure sways 
about, first one point and then another being raised from zero to full 
potential, while if a fault occurs at one point it at once raises the 
pressure at another part of the system and a breakdown may occur 
several miles away. The security of supply is immensely improved by 
earthing the neutral, as thc faulty section can be cut out immediately, 
without damage to the rest of the system. The last point is with 
regard to the supply to the consumer. Itis generally at a low pressure 
of from 200 to 400 volts. While it apparently adds to the danger of the 
individual to have the outer earthed, the security gained by the absence 
of risk of the high-pressure system charging up the low-pressure system 
is so great that the general safety to life is improved by earthing the 
neutral. I am heartily in agreement with Mr. Peck on that point. 
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Mr. ROBERT NELsoN : This paper appears to me to possess great 
interest from a mining point of view. I was disappointed at first to 
observe that Mr. Peck is of opinion that among operating engincers 
there is great difference of opinion upon the point raised by his paper. 
I am going to ask him to agree with me that in mining conditions 
there should be no such difference of opinion. The two systems mainly 
in use in mines are those in which a supply is given from a generator 
or from step-down transformers. I was glad in reading the paper to 
observe that, as regards both those systems, Mr. Peck is decisive ; he 
recommends the earthing of the neutral. But on summarising his 
paper he appeared to me to qualify that conclusion in connection with 
supply from a generator. May I suggest to him that in underground 
conditions, where there is a roadway which is partially filled with 
ümber, and wheie there is tbe condition that a sharp stone might 
pierce a cable and so damage it as to cause an external arc in the 
presence of a cloud of coal-dust, the desirability of cutting off the 
pressure immediately is of the first importance? The neutral points 
of colliery installations should be earthed so as to enable quick-acting 
protective devices to be used. 

Mr. A. P. TRorTER: The consensus of opinion which is being 
brought out at the various meetings upon this subject is of very great 
importance. The question of the safety of the public does not arise in 
connection with underground mains. It was the practice for a good 
many years to follow the American custom of earthing the neutral, and 
the first case that I heard of of a large concern with a free neutral was 
the Central Company's Works at Grove Road, where in June, 190, it 
was suggested to work with a free neutral. That has been followed 
elsewhere. I am not quite sure what the date at Manchester was, but 
it was about the same time ; and a good many other stations have 
been running also with a free neutral. If engineers choose to run in 
this manner, there may be some advantages in it in the case of under- 
ground cables, but I have not been convinced tbat there is any 
sufücient balance of advantages. When we come to overhead work, 
I think the conditions are different. I cannot help thinking that Mr. 
Peck has in mind foreign work—perhaps American work—where 
with dry climates and long distances the conditions may be 
different. It may be worth while on a long line to run with a fault. 
All that it amounts to is this—one wants to have a free neutral 
merely for the sake of running with a fault. Тһе earth current we 
get on these faults is a matter on which information should be 
obtained. I do not know with what leakage current to earth Mr. Peck 
Suggests we should run. I should like to know that current, because I 
should like to see a trip put in the neutral connection which, if an 
appreciable current were passing, would cut the line off. I do so not 
on account of those leakages which may burn through an arm or pole, 
but I am thinking of the wire coming down. I do not believe there is 
an engineer in this country who wants to go on running a 3-phase 
transmission line with one wire fallen to earth. I am sure every 
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engineer agrees that the sooner he shuts down under those circum- 
stances the better. I should like therefore to see a trip of some sort ` 
devised which will shut down an overhead line with the minimum 
possible current to earth—I do not care whether it is reckoned in 
fractions of an ampere or as a percentage of the full load as long as 
something below the current that anybody wants to run upon is 
chosen. That may be done by the arrangement referred to in Mr. 
Peck's paper. Of course, it is done every day with the Merz-Price 
or the divided-conductor device; but for smaller lines something 
simpler is wanted, and with a resistance in the neutral circuit I do not 
see why we should wait for an overload or dead short-circuit. We 
might have a high resistance and a trip which would open the circuit 
on a comparatively small current. The voltage need not be tied down 
so firmly as on underground cables. Mr. Peck speaks of the trip not 
being able to discriminate, but with an overhead line I do not think 
there is any discrimination wanted. Single-phase working is no good 
if the wire is broken. 

I am sorry that Mr. Partridge did not tell us rather more about 
working with the 3-phase generator supply and one phase earthed, 
because it seems that the whole of his supply from Deptford to the 
Brighton line is carried out on a very large scale in that way. 
[Mr: PARTRIDGE: The 3.phase system, quite independent of the 
Brighton line, is also carried out in a similar way with one phase 
earthed]. 

There there is discrimination. There is only one earthed 
phase with, I believe, the very important protection of a spark- 
gap at the far end in case the conductor gets broken, and there is 
discrimination of the other two phases. I am not speaking of mining ; 
there may be disadvantages there, but for ordinary transmission 
systems there must be a great deal to recommend it. It would be 
interesting to hear the experience which has been obtained with that 
arrangement on the Brighton line. The only way in which this ques- 
tion of earthing the neutral appeals to me is on overhead line work, 
where, I think, the time has come when, by means of the current 
passing to the carth on the neutral, we ought to be able to put in a 
trip which will shut a line down when it falls to earth. That will 
greatly facilitate overhead work, as it will enable overhead wires to be 
used in places where at present they are not suitable. 

Mr. S. L. PEARCE: As Manchester has been referred to by Mr. 
Trotter, it may, perhaps, be interesting if I give a few details in con- 
nection with our experience. We started in 1901 with the unearthed 
neutral system, and are running to-day with afree neutral. From what 
I have heard I should imagine that Manchester is probably one of the 
largest systems running under these conditions at the present time. 
I suppose that the designers of the system іп 1goo decided that it was 
better to start with the unearthed neutral system rather than to earth, 
as the problems in connection with this matter had not been so 
definitely thrashed out at that date as they have been since. The two 
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fundamental ideas obtaining at that time were, first of all, that the 
unearthed system was certainly safer in preventing fatalities, and 
secondly, that it would be possible to continue supply even if one 
phase became earthed. With regard to the first point, I think our 
experience for the first five or six years has fully borne out that 
assumption. We had quite a number of cases where the operators 
came in contact with live metal, but we never had a single fatality for 
the first five years. We cannot say, however, that that is the case 
to-day ; and the explanation is, that as the system has grown, so the 
capacity current has increased. There is little to choose, therefore, so 
far as the Manchester system is concerned, between running with an 
earthed neutral and running with a free neutral (as is actually the case), 
from the point of view of the safety of human life. With regard to the 
question of being able to run with a fault on one phase, we did that on 
several occasions during the first few years, and it certainly was a sub- 
stantial benefit to us. But at the present time this is not possible, and 
we have had to reconsider the question ; in fact, we have decided to 
earth the neutral point, solely with the idea of limiting the current that 
can possibly pass. This becomes a most important question when the 
Capacity of the station has grown to such proportions as in the case of 
Stuart Street Station at the present time. Plant totalling forty-five 
to fifty thousand kilowatts. is installed ; and with that power behind a 
fault it becomes next to an impossibility to clear a fault on an unearthed 
system satisfactorily. I do not mean to say that we are unable to 
interrupt the circuit, but it is very rough on the switch. During the 
last twelve months we have made use of a balanced protective system 
with relays, such as Mr. Peck describes at the bottom of page 151 ; that 
is to say, we work entirely on the charging current of the system. 
Notwithstanding the fact that the system is nat earthed, we have tested 
these relays and have found that they will act perfectly satisfactorily 
whenever any out-of-balance takes place. With regard to the three 
possible systems of earthing, I should like to put in a plea for earthing 
through a high resistance and combining that with balanced protective 
gear of the order of, or of a similar kind to, that shown in Fig. 1. 
I believe that a high resistance is better than a low resistance ; when I 
say high resistance I mean something of the order that would limit the 
Maximum possible curreut to about 150 amperes. It would, thereby, 
first ensure that the main oil switches would clear every fault that 
could come on to the station even with such an amount of plant as we 
have now installed. And secondly, the great advantage is that this 
balanced protective gear can be set reasonably low, so that the fault 
can be cleared off the system before it has had time to attain to any- 
thing like large proportions. That is what I am proposing to do in 
Manchester for the future, namely, to use a high resistance in combina- 
tion with balanced protective gear. If a low resistance is used, some- 
thing of the order of 6 ohms, then it is possible for a current of 500 or 
70оатрегеѕ to pass. Of course, the resistance must be so proportioned 
as to allow of sufficient current passing to trip the largest circuit- 
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breakers that are installed, and this current will, I think, be found 
in the majority of cases, when using feeders of 0°25 sq. in. section, to 
be something like 500 to 700 amperes. 

The author states that the majority of the breakdowns of cables are 
to earth. It would be interesting to know whether that is actually the 
experience of engineers in charge of large underground cable systems ; 
whether it is a certainty that the cables always do go to earth first. If 
they do, then, of course earthing in combination with balanced pro- 
tective gear will be a great safeguard. If the faults do not originate as 
earths, but involve the other phases first—or even supposing the cable 
does go to earth, but that there is a very small time limit between the 
earth taking place and the other phases being involved—then it seems 
to me that the value of earthing rather diminishes. Unquestionably 
on the whole, I think that engineers in charge of large undertakings 
will be driven to earthing their systems either through a low resistance 
or through a high resistance ; and that of the two, for the reasons I 
have stated, I think the latter is to be preferred, in combination with 
some sort of balanced protective gear. 

Dr. C. C. GARRARD (communicated) : With reference to the two 
advantages of the earthed neutral which Mr. Peck gives, the limit- 
ing of the voltage between the line wires and earth is only of practical 
importance on very high voltage overhead transmission lines ; and even 
with these Mr. Peck says itis bad practice to avail oneself of the possible 
economy which this gives. Moreover, in his conclusions (No. 2) he 
decides that high-voltage overhead transmission lines are best run with- 
out an earthed neutral. The solc advantage, thercfore, of the earthed 
neutral which: we need consider, at any rate in this country, is (b), viz. 
the possibility of cutting off any wire or feeder in the event of an earth 
upon it. Considering the case of a generator feeding a network of 
underground cables when the neutral is not earthed, the author points 
out truly that an earth on one phase is almost certain to develop into a 
short-circuit between phases ; and the very large current which flows 
under these circumstances has gencrally very bad effects. It appears 
to me that almost the same result will happen if an earth occurs on one 
phase with the neutral “ dead-earthed," as under these circumstances a 
dead short-circuit of one phase will occur. If, therefore, earthing of the 
neutral is adopted it must be through a current-limiting resistance. 
With the neutrals of thc generators connected solidly to a busbar, 
which is earthed through a resistance, Mr. Peck says that switches 
must always be provided between cach generator and the neutral bus- 
bar. I should be glad to know what type of switch he would recom- 
mend for this purpose. I take it that a high-tension isolating link 
operated by a long arm would be the most suitable, as although it 
may have to break a high-tension circuit the current flowing would 
be negligible. The link, however, should be situated in the high-tension 
cubicles and be insulated to withstand the full voltagetoearth. I agree 
with Mr. Peck that the simplest method is to connect the neutrals 
all together on to one busbar, earthing this through a resistance. 
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Even with turbines, however, heavy circulating triple-frequency 
currents may flow. A case which came under my notice was with 
water turbines. Efforts were made to test the generator wattmeters 
under inductive load by altering the relative excitation of the machines. 
This, however, caused large cross-currents to flow through the neutrals 
which were connected together, thus upsetting the tests altogether. 
The method of balanced protective gear illustrated in Fig. 1 is very 
interesting. The author says it may be adjusted to work on a very 
small earth current. I should be very glad if he would give us 
some figures in his reply illustrating this, so that a direct com- 
parison with overload protective gear can be made. Would he also 
advocate the protection of underground feeders by this method alone, 
or would he install overload protection in addition? The author is to be 
congratulated on the very clear exposition he has given of the case, (c) on 
page 155, of a generator supplying transformers which step up to a very 
high voltage for long-distance transmission. He shows the absolute 
necessity of some form of earthing. I take it the same argument would 
apply to sub-stations in which are situated step-down transformers feed- 
ing converters. An experience which occurred to myself may be of 
interest in this connection. It was a sub-station fed by step-down 
transformers having a primary voltage of 10,000 and a secondary of 
500 volts. The secondaries of these transformers, although heavily 
insulated, kept on breaking down to earth, and examination of the 
point of puncture showed clearly that it was the result of an abnorm- 
ally high potential. Suspecting the cause of the trouble to be some- 
what on the lines pointed out by Mr. Peck, the difficulty was obviated 
by putting a permanent leak on the low-tension side of the transformers 
by means of resistances connected between phase and earth. It 
was not possible to earth the neutral as the transformers were delta 
connected. І am not;quite clear about the point mentioned on page 155, 
that if “both terminals of the high-tension winding are connected to the 
high-tension lines the resultant potential of this winding above earth 
will be zero." Does this not assume that the one terminal will be 
above earth potential by the same amount as the other terminal is 
below that potential? But this may not be the case if the insulation 
resistances, etc., of the lines connected to the terminals be different. 
Therefore, it would appear that a similar effect may be produced even 
if both terminals of the high-tension winding are connected to the lines, 
as the author shows does occur if one terminal be connected, or dis- 
connected, before the other. I fully agree with the author's condemna- 
tion of earth-shields between the primary and secondary windings of 
transformers. I am very doubtful, however, of the utility of a spark- 
gap in the earth connection. For one thing it is so difficult to adjust. 
I would suggest that instead of the spark-gap a permanent leak from 
line to earth through resistance would be better if earthing of the 
neutral be impossible. 
Mr. B. S. HoRNBY (communicated) : I should like to ask Mr. Peck how 
and where he would earth the neutral point of a 3-phase electrical 
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Mr. Hornby. high-tension system when two or more generating stations a consider- 


Mr. Paton. 


able distance apart are connected together direct by underground 
cables without step-up transformers in circuit. We must, of course, 
take into consideration the Board of Trade regulation which states that 
the connection to earth must be made at one point only. Arrange- 
ments must also be made to connect the neutral point of the generators 
at any one of the stations to earth, for at times the plant in the remain- 
ing stations may be stopped. We might arrange for an earth at one 
station only, and connect the neutral points of the other stations to 
it by insulated cables, but this would be expensive, especially if parts 
of the interconnecting 3-phase cables had been laid for other purposes; 
and there are, of course, objections to sending alternating currents 
through a single underground cable of considerable length. Each 
station might have a separate earth, and instructions given for only 
one to be used at a time; but the attendants might leave the earth 
switches in at each station, and in that case the above-mentioned 
regulation would be broken. If, on the other hand, the attendants left 
the switches out, there would be danger of a system “ designed for the 
neutral point earthed " breaking down; and, unless electrostatic volt- 
meters were connected, another Board of Trade regulation would 
be broken. This question has to be considered when two authorities 
with similar systems and earthed neutrals wish to connect, or when an 
authority wishes to erect new works in a different part of its district. I 
may mention that six or seven years ago the Board of Trade would not 
permit a resistance to be inserted between the neutral point of a 
3-phase system and earth, except in very exceptional cases. I shall 
be pleased to hear that suitable resistances are now permissible. 
Mr. G. К. PATON (communicated): The discussion shows that the 
question of earthing will remain open, and that the earthing of the 
neutral will depend very much on the designer and the conditions 
under which the system is to be operated. When the North Wales 


-= Power and Traction Company commenced operations іп 1906, this 


question of whether to earth or not to earth the neutral had not been 
fully discussed ; I doubt if it had been considered at all. After 
operating for a few months it was deemed advisable to earth the 
neutral point of the alternators which generate at 10,000 volts, 3-phase, 
50 cycles, and which supply the overhead transmission lines without 
transformers. This was done with a view to limiting the pressure to 
earth on account of the climatic conditions under which the plant is 
operated, and which evidently had not been taken into consideration. 
The neutral point of each alternator was coupled direct to an earth- 
wire connected to a large copper earth-plate in the river-bed. A few 
years later, in designing the equipment for the 20,000-volt trans- 
mission line, knowing that the neutral point was earthed, we were able 
to use auto-transformers for stepping up the pressure from 10,000 to 
20,000 volts. Two 500-k.v.a. auto-transformers were installed, and 
have been in use for the last five years. The neutrals of the trans- 
formers are earthed, and the alternator earth connections have becn 
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altered to choke coils of very low resistance. It has been stated that 
with an unearthed system, in the event of a fault on an overhead line 
the system can still operate with one phase earthed until the fault is 
repaired. In practice, however, it is extremely difficult to locate a 
punctured insulator, and the fault may remain undiscovered until a 
fault develops on another phase and causes a proper fracture of the 
insulator. The result is then similar to what would have happened 
with an earthed system with the exception that the original fault would 
have been located sooner on the earthed system. 

My point is that when an insulator is punctured, the fault will show 
on the phase indicator, but the location of the fault is another matter. 
This can only be done by minute examination of each insulator on the 
faulty line, and very seldom can such a fault be found by inspection 
from ground-level. On the other hand, with an earthed system in 
which all ironwork on the line is connected to an overhead earth-wire, 
the insulator would show a distinct fracture, which is easily discovered 
by sectioning the line and inspection. It follows, therefore, that unless 
there is sufficient time for inspection of a faulty line there is no 
advantage in having an unearthed system. It only prolongs the cvil 
day in the event of a faulty insulator. There may be some slight 
advantage where there are single circuits supplying consumers ; but if 
the system is designed to give a duplicate supply to each consumer I 
consider the neutral should be earthed. This applies equally to cable 
or overhead systems where there are duplicate services, as it is then 
better to have a fault located at once. Again, with overhead conductors, 
where the lines are exposed to atmospheric influences, an carthed 
system gets rid of those static charges from clouds or wind. If the 
system is unearthed, then pressurc limiters should be used. Regarding 
the secondary side of the system, I believe in earthing the neutral as a 
protection against the extra high pressure, and in the earth-wire 
connected to the neutral as a means of immediately locating a faulty 
circuit. It also limits the voltage to earth in case of shock. My 
general opinion then is that all E.H.T. systems should have the neutral 
earthed, especially the secondary system, both for light and power. A 
well-designed system may be run with the neutral unearthed, but I 
prefer a system with duplicate services and the neutral earthed. It 
must also be remembered, as pointed out by Mr. Peck, that in an 
carthed system the voltage to earth is limited to 58 per cent of that 
between phases ; and if the system is designed to run with thc neutral 
carthed, the saving in the cost of insulation will be greater the higher the 
voltage of the system. Resistance should be inserted in the earth 
connection to limit the short-circuit current to a predetermined value 
sufhcient to operate the trip gear. This limiting of the short-circuit 
current is essential where high-tension telephones are used with the 
wires run on main transmission poles. A heavy short-circuit on the 
H.T. system is sufficient to blow all the telephone fuses. 
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DISCUSSION BEFORE THE MANCHESTER LOCAL SECTION 
ON I9TH NOVEMBER, 1912. 


Mr. A. P. TROTTER: I have come to Manchester to-night for the 
purpose of learning from Mr. Peck about a very important subject. 
Any remarks that I make are with the hope of elucidating the matter 
and of drawing more information, if possible, from Mr. Peck. I have 
to regard this subject from the point of view of safety, and my observa- 
tions must not be supposed to have any official significance. The 
question of earthing in mines appears to many engineers to differ from 
earthing above-ground. Since mining is not referred to in the paper 
I will not touch on that class of work. The Board of Trade Regula- 
tions permit the free neutral, that is, the unearthed neutral point. 
Each case must be considered on its merits. Many stations which 
have started with a free neutral have afterwards, like the Grove 
Road station of the Central Electric Supply Company, connected 
the neutral to earth, and I have not heard of a case where they 
have gone back from that practice. Those who object to earth the 
neutral point of high or extra-high pressure do so at their own choice. 
Where no accidents have occurred the method has so far proved a 
success, but I find almost invariably that when one accident occurs 
it is followed by others. From this I am inclined to think that one 
breakdown is likely to cause another, and I see no compensating 
advantage. For at high and extra-high pressures it does not seem 
possible to run for anytime with a fault to earth on a cable. With 
medium and low pressure a free neutral is permitted by the Regula- 
tions, but, except in mines, where the conditions are different, there 
is hardly any doubt that earthing the neutral point is the best practice. 
No advantage appears to be gained by earthing the neutral of each 
generator ; it suffices to earth one, and not each in succession as is 
done at Greenwich. The question of earthing the neutral in the case 
of overhead wire transmission and distribution must be considered 
separately. An earth on an overhead line may be due to a failure 
or breakage of an insulator, causing a leak, or a wire may break and 
fall to the ground. In a dry climate it may be possible to continue 
the supply with a line lying on an arm or hanging against a wooden 
pole, but in this country the result is generally damage to the line 
as well as stoppage of the supply. Nearly all engineers agree that 
if an overhead line falls from an insulator and lies on an arm or 
against a pole it is better to shut down at once and to repair ; and 
I think all are agreed that it is of no use trying to run on when a 
wire has broken. 

Mr. Peck says that it is possible * to put a trip coil in series with 
the earth connection, but . . . it does not discriminate as to the feeder 
to be cut off" If itis risky.to run with an appreciable leak on an over- 
head line, and useless to run where one wire is broken, discrimination 
does not appear to be of any importance. Such trips have generally 
been arranged for overloads or dead earths, but might we not go 
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further and trip on a leakage current ? ‘The higher the working voltage 
the greater will be the current to earth. А 6,000-volt line is much 
safer in this respect than a 2,000- or 3,000-volt line. Unless anybody 
wants to run with a leak of, say, a quarter of an ampere, or unless it 
can be shown that harmless leaks of that magnitude are to be found 
in practical working, the trip could be set for such a current. It 
would be well to arrange a time limit of, say, one or two seconds, so 
that a bird pecking at a wire may be killed and disposed of without 
opening the switch. In conclusion, I should like to say that I con- 
sider the time has come when those who are engaged in overhead 
transmission should look for some method which will ensure that 
if a wire has fallen to the ground it shall be cut off at once. If 
also dangerous leaks to stay-wires, etc., can be prevented, overhead 
work could be used much more extensively than at present. 

Mr. W. B. WoopHoUsE : Where a number of generators are in use 
my view is that their neutrals should not be connected together, the 
neutral point of one machine only being earthed. In principle, the 
earthing of the neutral point of a system seems sound, but many of 
the advantages are based on the assumption that the earth is of neglig- 
ible resistance. If a fault to earth occurs at a point distant from the 
station this may not be the case, and the protection expected may not be 
realized. There are other difficulties with overhead lines on the earthed 
system. Some people in this country still use the earth as the return 
for telegraph circuits, and there have been complaints of disturbances 
merely due to connection of the power system to earth. Even though 
the system is perfectly balanced, trouble has been experienced from 
the capacity current in the system. If one line conductor could be 
earthed all the way along it would get over a good many troubles. 

Mr. R. BLACKMORE : About six months ago, at Stalybridge, we had 
serious trouble, due to the fact of connecting the neutral of all our 
alternators direct to the earth plate. An earth developed on a cable in 
one of the sub-stations about two miles from the generating station, and 
the rush of current to earth apparently caused surging, the insulation of 
two of the alternators failed, and the machines were seriously damaged. 
After this experience we decided to insert a resistance between the 
neutral point and the earth-plate. This resistance can carry 300 
amperes for a period of 1o seconds, and will allow sufficient current 
to flow to trip any of the feeder switches instantaneously. Switchgear 
was arranged so that one alternator could be earthed at any one time, so 
far as the turbo-alternators were concerned, but the earth-wires of the 
reciprocating sets were left solidly connected. We found, however, 
that the interchange of current between the 500-kw. reciprocating sets 
and the turbo-alternators was large enough to heat up dangerously the 
earthing resistance. 

Mr. А. E. McKENZIE: The Manchester high-tension system has 
been running for over 104 years with the neutral insulated. I have 
known of several instances where we have run for as long as one hour 
with one phase earthed before the faulty feeder has been located 
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and disconnected. But that possibility does not exist to-day. The high- 
tension system has extended so rapidly that when an earth on one phase 
occurs it almost immediately causes a breakdown adjacent to the first 
earth or on some other part of the system, and two faults actually result 
instead of only one. That state of things has continued for perhaps a 
year so, and we are now considering the advisability of earthing the 
neutral point. It seems to me that there is undoubtedly a good deal to 
be said for earthing the neutral point, especially in those cases, as 
at Manchester, where the capacity of the generating plant is increasing 
rapidly year by year. It is only a matter of time before the load that 
the circuit-breakers will be called upon to break isin excess of that with 
which they will satisfactorily deal. If one has a fault in the vicinity of 
a station, and between 30,000 and 40,000 kw. of plant actually con- 
nected to the busbars, a very great power indeed has to be interrupted 
at the feeder switches, even if the latter are set to operate instan- 
taneously, as they are at Manchester. The actual method of con- 
necting the neutral to earth is one that requires a very great deal 
of consideration. I certainly should not think of earthing the neutral 
except through a resistance. Supposing the latter were designed to 
carry the current required to clear the largest circuit-breaker on the 
system, it would have to be of enormous proportions, because the 0°25 
sq. in. feeders are set to operate with a current of 600 amperes. 

Another reason why we have hesitated to make the alteration is 
because of the enormous cost involved, as every piece of apparatus 
on our system would have to be fitted with three series transformers 
instead of two as at present. I think we should perhaps be better 
served by having a resistance which would only pass a very small 
current instead of 600 amperes, and have balanced protection on all 
the feeders, similar to that illustrated in Fig. 1 of Mr. Peck's paper. 
I should just like to say that, in my opinion, Fig. 1 is somewhat 
misleading. It appears to me that if generators were protected as 
there shown, and a fault occurred to earth on one phase of a feeder, 
all the generators would be immediately thrown off the busbars, if 
the neutral points of the generators are earthed. I may be wrong, 
and I shall be glad if Mr. Peck will in that case correct me. 

Referring to page 150, “ The possibility of cutting off any wire or 
feeder in the event of an earth upon it," as Mr. Peck says later on in his 
paper,is not confined to a system having an earthed neutral ; in fact, 
several years ago we fitted two of our feeders with the Ferranti-Field 
protective devices, which are similar in theory to that shown in Fig. 1, 
but since then we have not had any faults on thesetwo feeders. Inthe 
early days it was rather difficult to locate the fault on any particular 
feeder, although we had an ammeter on each phase, because of the 
fault current being out of phase with the load current. 

Mr. S. J. Warsox : I think the question of earthing really wants 
approaching from two points of view ; and, moreover, they are points of 
view which in many ways are in direct conflict with each other. If 
we consider only the safety of the public, there is no question, I think, 
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that earthing is desirable; on the other hand, if we are to study the 
larger question of continuity of supply, one is bound to say that the less 
we earth the better. Take, for instance, the Board of Trade Regu- 
lations concerning the earthing of the neutral on 3-phase, 4-wire, low- 
tension distribution and of the middle wire on 3-wire continuous- 
current distribution ; I do not think any of us would earth either the 
neutral or the middle wire unless he had to, because it must be borne 
in mind that, when one main is earthed, a fault on any of the other 
mains means the cutting off of the supply, the one thing which 
supply authorities try above all to avoid. When Mr. Trotter puts 
forward a suggestion that some device should be got out that would 
entirely cut off an e.h.t. overhead line when a fault of one-quarter of 
an ampere occurs, I am at issue with him from the continuity point of 
view. A fault of this amount on a 6,000-volt line is not worth talking 
about, and if we can continue to use the line until another is brought 
into use we ought to continue to supply consumers through it. These 
are views which I am quite certain will be accepted by supply 
engineers. On the general question of earthing the neutral point on 
e.h.t. 3-phase supply I am one of those who do not earth at all. I can- 
not say that I have had very long experience of unearthed systems, but 
certainly so far there has been no trouble of any kind during the two 
years the system has been in operation. I am rather inclined to think 
that some of the difficulties which have occurred in connection with 
the earthing of the neutral on e.h.t. systems has been due in the past to 
faulty generator construction. Many of us know of cases where a 
serious short-circuit on a feeder has badly damaged the end windings 
of the generators through insufficient attention having been given to 
the bracketing of the windings. Incidental to this question of damage 
arises another point of some importance. If a bad short-circuit occurs 
in connection with a continuous-current supply it is very rare indeed 
for any serious damage to result to the generating plant. Most of us, I 
think, have experienced short-circuits on 400- to 500-volt shunt-wound 
machines excited from their own supply, the machines simply becoming 
demagnetized through the action of the armature-current on the field, 
and no damage being done; but in the case of alternators we have 
quite another problem. The alternator has a separate exciter, so that 
a short-circuit on the alternator does not affect the exciter, which 
latter continues to maintain the field of the alternator at full excitation. 
We therefore get currents from the alternator for an appreciable time, 
the load representing in many cases four, five, or six times the full- 
load output. 

There is just another point in connection with this matter which 
perhaps indirectly bears on the question, and that is, the prcsent 
design of alternators. The matter has been raised on previous occa- 
sions, but no change is yet being made in designs; and as e.h.t. 
alternating-current generation is likely to become much more extensive 
in the future, I think the question is well worth attention. It is quite a 
smple matter to design an alternator which will not give much more 
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than its full-load output on a short-circuit. Such machines have certain 
disadvantages, such as poor regulating qualities, but they could be 
automatically controlled and would also be cheaper to build ; it is 
therefore a moot point whether the advantages would not balance the 
disadvantages. I should not be at all surprised if future alternators are 
designed so that it will be quite impossible to obtain the tremendously 
large currents which with the present design are responsible for some 
of the difficulties. Several speakers have referred to the protective 
devices used on a ring system of e.h.t. mains, which undoubtedly has 
many advantages ; but Mr. Trotter very rightly pointed out that it is 
not many who can arrange a ring system on the lines of the Newcastle- 
upon-Tyne Electric Supply Company. I should say that not more 
than half a dozen undertakings in the country have such a system. 
The method usually adopted is to use overload trips with some form of 
time element ; and on the whole I think they carry out the duty 
required of them in a very excellent way. I can only say again that, 
in my opinion, the question of continuity of supply and of earthing are 
at issue, and it requires a most careful consideration of the subject 
in order to arrive at a proper mean between the two. 

Mr. WM. Cramp: I have but little experience of this matter, yet 
there is one question which I should like to ask Mr. Peck. Reference 
has been made to the cost of resistances and to the disadvantages 
attending their use. It seems to me that the main object of having a 
resistance between the neutral point and earth is to limit the rush of 
current that can take place. Now a choking coil can easily be designed 
to take the place of this resistance ; and such a coil would not only have 
the properties of a resistance, but it would be cheaper to construct, it 
would occupy less space, and it would be particularly valuable in limit- 
ing the high-frequency currents, Mr. Peck may reply that surging 
would result, owing to there then being capacity in series with induct- 
ance. I think, however, that if he will work out the choking coil that 
would be necessary for any given system he will find the proportions to 
be such as would not result in any violent surging being at all possible. 
It would be interesting to know whether this arrangement has ever 
been thought of or tried. 

Mr. E. B. WEDMORE: I am particularly glad to see in print the 
explanation of the reason why troubles need not be anticipated, as a 
rule, from current circulating between the mid-points of generators 
earthed on a common busbar, as a good deal of misapprehension still 
exists in this connection. I have not yet met with a case where it has 
proved necessary to employ more than one earthing busbar, but perhaps 
Stalybridge furnishes such a case. [After the meeting I learned that 
the turbo-generators at Stalybridge are so much larger than the earlier 
machines that it will be practicable to obtain satisfactory results by 
earthing only the turbo-generators, so that here again only a single 
earthed busbar will be necessary.] 

The arguments for earthing are becoming more important year by 
year. The second reason given is increasing in weight, as improve- 
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ments are made from year to year in the protective apparatus available 
for isolating a faulty section of the system. I believe I was the first to 
suggest the employment on e.h.t. systems of the protective device illus- 
trated in Fig. 1, and it is now in use in a large number of installations, 
under my recommendation. The diagram illustrating the principle 
does not bring out the full merits of the arrangement. The current 
transformers shown may be employed to excite time-limit overload 
devices, which will take care of all ordinary load conditions, including 
momentary heavy overloads. The trip coil in the common return is 
excited only on leakage occurring, and may be set to operate instan- 
taneously on a fraction of normal load current. We thus have the 
' benefit of a time-limit device so long as the feeder is sound, and the 
benefit of an instantaneous device with a low setting immediately a 
fault develops. This enables faults to be removed without causing 
general disturbance of the supply system. 

Referring to the reasons given for earthing, I should have added yet 
a third reason, perhaps equal in importance to those offered, namely, 
that a system operating with its mid-point earthed is less liable to static 
troubles. There is a large amount of evidence in favour of this propo- 
sition, although the explanation of the matter is not fully clear. There 
is, however, one kind of static disturbance which admits of a ready 
explanation, and of which the existence has been well proven. „А so- 
called insulated system is really a system earthed through a star- 
connected capacity, there being capacity between each phase and 
earth. The capacity of any pole to earth is in shunt to any fault which 
occurs on that pole, and in case of an arcing fault we have the familiar 
high-frequency conditions of the humming arc. Whilst a cable fault is 
not so likely to possess the characteristics of an open arc, it is difficult 
to avoid the conclusion that in any case of breakdown on an insulated 
system involving an open arc, this high-frequency disturbance must be 
present, sending waves with steep front searching for weak points 
all over the system. 

This trouble is not associated with normal switching operations, but 
with the development of faults on the system. It is not clear to me 
that the troubles referred to by Mr. McKenzie at Manchester are not 
due to the accumulated effect of static disturbances. Even where the 
mid-point of the system is earthed it is possible to get this phenomenon. 
It would occur in case the earth connection could not pass a current 
appreciably larger than could be absorbed by the capacity of the 
system. It is, therefore, most important to avoid this feature in 
earthing, and the following somewhat empirical rules will be*of 
service to this end:—In practice, one should not apply a smail 
testing transformer to a cable or system of cables having a capacity 
Current comparable with the current which the transformer can pass 
in case of a fault to earth. Reactive devices for obtaining an artificial 
neutral point must also be designed to pass a current heavy as compared 
with the capacity current of the system. This feature must also be 
considered in the earthing of generators, and any arrangement avoided 
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which might result in breaking the earth connection at the time there 
was an arcing fault to earth. Such an arrangement would obviously 
leave the system in a condition most favourable for the setting up of 
the high-frequency disturbance above referred to. This feature bears 
on the design of earthing resistances, as in case such a resistance burns 
out when one pole has gone to earth the conditions are analogous to 
those above described. In the past it has been the practice to design 
such resistances with a margin of safety of 10 to 15 seconds, this being 
ample to allow time for the operation of any automatic devices relied 
on to clear the fault. One has to remember, however, that automatic 
devices do not always operate, and in recent years we have recom- 
mended the employment of earthing resistances with a two-minute 
rating, in order to avoid failure of the resistance. This rating provides 
a greater margin than at first appears, as a heavy arc will burn a big 
hole in two minutes, thus greatly cutting down the current and extending 
the effective life of the earthing unit. The arrangement, in practice, 
gives ample time for an attendant to take steps to clear the fault. 1 
am generally in agreement with the summary of conclusions given 
on page 160, but I do not see why the employment of delta-connected 
transformers on overhead transmission lines is advocated. It is true 
that such transformers can generally be operated on open delta in case 
of failure on one phase, but with modern transformers this feature is of 
minor importance. The employment of a star winding on the high- 
voltage side reduces the pressure across the windings on each leg, and 
thus enables the designer to furnish a cheaper transformer with a 
higher factor of safety than can be obtained with a delta-connected 
winding. If the employment of a star-delta connection at this point 
on the system is granted, the rules for earthing the star point are the 
same as those given for gencrators, and the whole of the matter can 
then be summed up in one rule, viz. it is generally desirable to earth 
the mid-point unless considerations of economy necessitate the employ- 
ment of a system where an insulated mid-point is necessary in order 
to maintain supply. Whilst onc should not take advantage of the 
increased factor of safety in such transformers, or in generators, and 
reduce the insulation, I do not quite agree with Mr. Peck’s suggestion 
that the increased factor can be practically neglected. The possibility 
of nearly doubling the factor of safety appeals to me as a valuable 
feature, and a good argument in favour of earthing the mid-point of 
c.h.t. generators. ; 

It is interesting to ascertain what occurs on an insulated system in 
the event of one pole going to earth. On smaller systems than that at 
Manchester my records indicate that the fault develops in the first place 
almost invariably as a fault to earth. ‘This fault may remain on the 
system, as a rule, until it has been located, which may take perhaps 
half an hour. Within this period, in a small percentage of cases, the 
fault develops into a short-circuit between phases at the point of first 
occurrence, and in 25 per cent of cases the fault develops on another 
phase before it can be removed. The majority oi faults occur on the 
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apparatus connected to the main, and not on the main itself. It is 
interesting to have the testimony from Manchester that, when the 
system had developed extensively, the capacity current to earth was 
such as to cause almost instantaneously the development of a dead 
short-circuit between phases at the point of first occurrence, or else- 
where on the system. It would be interesting to know whether the 
general experience is that the majority of faults occur outside the cable 
system. 

Mr. К. FAYE-HANSEN : On page 151 Mr. Peck refers to different kinds 
of balanced protective gear. Besides the Merz-Price protective gear 
and the protective gear shown in Fig. 1 there exist other balanced pro- 
teclive gears, as, for instance, those for parallel feeders, mentioned in 
Mr. Harlow's and my paper * on “ Merz-Price Protective Gear," and a 
new protective gear proposed by Messrs. Merz & Hunter, in which the 
conductors are divided into two equal parts inside each cable for the 
purpose of using a protective gear similar to that for parallel feeders. 
It is likely that further proposals for new balanced protective gears will 
be made, all of which will require an earthed neutral for operating 
instantaneously in case of a fault to earth, at least for all ordinary-sized 
networks. For underground networks supplied through transformers, 
the same reasons for earthing the neutral of the transformer hold good, 
as Mr. Peck has given for the earthing of the neutral of generators 
under similar conditions. Regarding the carthing of the generators 
used on small overhead systems, I think we should consider the danger 
of other parts of the system breaking down if run with one side earthed 
for any considerable period. Under ordinary circumstances there is 
only about one-half the net voltage to earth, and notwithstanding that 
the insulation may have been designed for the full line voltage there 
is always a great danger that weaknesses will develop so that the 
insulation will break down if subjected to the full line voltage, i.e. 
double the normal voltage to earth. If this takes place we may get a 
complete shutdown instead of, with an carthed neutral, only onc con- 
sumer being cut off, or usually one consumer being supplied through 
one feeder only instead of through two. The reasons that Mr. Peck has 
put forward for earthing the neutral of generators working on over- 
head transmission lines through transformers, will hold good for alter- 
nators connected to underground transmission lines through step-up 
transformers. In this case it may be of interest to know that it can 
happen that the low-tension winding of the transformer will get a 
much higher voltage to earth than one-half of the high-tension voltage 
if not connected to earth or to other windings on the low-tension side. 
This is due to the fact that in many cases the capacity between the high- 
tension and low-tension windings is very much larger than the capacity 
between the low-tension winding and earth. 

Mr. Peck states that if both terminals of the high-tension winding 
are connected to the high-tension line, the resultant potential of the 
low-tension winding above earth will be zero. This is only true if the 
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potential of the high-tension windings is symmetrical to earth, i.e. 
the neutral of the high-tension winding is earthed, and when the 
arrangement of the transformer windings is such that the capacity 
between the two halves of the high-tension and low-tension winding 
is the same. Though this usually will be the case, a fair number 
of transformers have been designed where the high-tension and 
low-tension windings are not placed symmetrically to each other 
in this way, so that the danger of a high potential between the 
low-tension winding and earth can exist, even if there is no disturbance 
on the high-tension side. 

In regard to the earthing of high-tension transmission circuits, 
I should like to know if telephone troubles have been experienced 
in case of earthed neutrals, and whether these troubles have been 
rectified simply by removing the earth from the neutral. If the 
generators give a sine wave form, and the arrangement of the 
transmission line, etc. is symmetrical, such troubles should not 
occur unless the neutral of the transmission line is carthed at more 
than one point. There can, however, be no doubt that there have 
been cases of telephone troubles with unearthed systems as soon as 
one line has gone to earth, thus making telephone communication 
impossible just at the moment when it is most important for the 
power station to be able to communicate with the different switch 
stations and sub-stations. In case of such high-voltage overhead 
lines, where there is a breakdown to earth and it is tried to run 
with one side carthed, the danger of further breakdowns on other 
parts of the line is very great, due to the causes previously referred 
to for low-tension overhead lines. 

As to carthing by means of an auto-transformer, this is not very 
often done. I know, however, of between half a dozen and a dozen 
cases where auto-transformers have been used for such purposes in 
conjunction with delta-wound main transformers or delta-wound 
generators. They have been of the interconnected star type, which 
were first proposed by Mr. Peck. They allow at the same time 
the advantage of using delta/delta single-phase transformers, one of 
which may be cut out during trouble, and of an earthed neutral. 

Mr. E. M. HOLLINGSWORTH: For the past three years we have 
been operating, in St. Helens, a 3-phase 6,000-volt system with the 
neutral unearthed, and so far we have not experienced any trouble. 
The spark-gaps have come into action on several occasions, and in one 
instance 1 am certain we should have had a shutdown if the neutral 
had been earthed. Before deciding as to earthing or otherwise I 
made many inquiries and visited several undertakings, and found that 
quite a number were running with a free neutral. At one of the 
London stations I was informed that they had recently, owing to cable 
troubles, found it necessary to earth the neutral. They afterwards 
stated, however, that the greater part of their cable system had not 
been intended for operating with the neutral unearthed. 

At the last meeting of the Municipal Electrical Association Mr. F. 
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Ayton, of Ipswich, read a paper on the question of maintaining the 
continuity of supply, in which he stated he had come to the conclusion 
that greater reliability was ensured by not earthing the neutral. Mr. 
Ayton was, no doubt, looking at the question from the point of view 
of a medium-sized station. It seems to me that the size of the station, 
and the number and arrangement of the feeders, should be taken into 
consideration in deciding this matter. In the case of a large station 
where the plant capacity is very considerable, it does seem desirable to 
cut out a faulty feeder immediately, for in all probability there will be 
a duplicate supply available, or, at the worst, only a very small portion 
of the total area of supply would be affected. In the case of a smaller 
station, however, the failure of a feeder would in all probability affect 
the greater portion, or perhaps the whole, of the supply ; and for this 
reason I am in favour of running with a free neutral, since the pos- 
sibility of being able to continue operating with one phase earthed, if 
only for a short time, is, in my opinion, an advantage that outweighs 
all the disadvantages. 

With regard to earthing or insulating the neutral of a low-tension 
system, I take it that Mr. Peck is referring to private installations. 
Public supply authorities have no option in the matter, for under the 
Board of Trade Regulations the neutral point of a 3- or 4-wire system 
must be earthed. 


Mr. R. G. CUNLIFFE : In the first paragraph of his paper Mr. Peck M 


asks, “ Where, when, and how should the neutral point or points be 
earthed?” The paper does not deal with the methods of earthing or 
their considerations, and the subject is difficult, the term “earth con- 
nection " being a very loose one. Large potential differences may be 
maintained between different points in the earth, and it is obvious that, 
since the potential disturbances are mainly confined to the immediate 
neighbourhood of the earthed points, the bulk of the earth remaining 
at a constant potential, the correct term. to use when discussing earth 
potential is the term “ normal earth potential.” 


Mr. Peck refers to the neutral point being at earth potential. 


It is at normal earth potential only when there is no flow of 
current ; the conditions change entirely as soon as a leakage occurs. 
The reason why a breakdown on one phase of a 3-phase cable 
develops into a fault between phases is that almost the whole of the 
phase voltage is concentrated at the faulty point, and the insulating 
material around that point is, owing to the immense concentration of 
energy, almost instantly destroyed, resulting in a short-circuit between 
phases. Earth connections should be made to several plates sunk, close 
together, at a considerable depth and surrounded by suitable conducting 
earth always kept in a moist condition. 

Mr. W. BoLroN SHAW: With regard to the term that Mr. Peck 
uses—“ solidly connected "—I take it that he means to distinguish 
between earthing with and without a resistance ; but it might be taken 
to imply that he precludes the use of any automatic protective device 
between the neutral point of the generator and the neutral busbar. It 
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seems to me that an overload protective device of this kind ought 
always to be provided because, in the event of a short-circuit between 
any of the three phases and earth at the frame of the machine, or on 
the leads between the machine and the switchboard, there is no 
control over this current unless the neutral lead can be disconnected 
from earth. In the event of such a short-circuit occurring it may 
continue until it burns out the whole of the generator phase windings 
between the neutral point and the fault, whereas if an overload device 
is provided it will open the carth connection and prevent further damage 
to the generator windings than the local burning at the fault. The 
setting of this device should of course be sufficiently high, either in 
tripping current or in time lag, to prevent its opening with any external 
short-circuit to earth that may occur on the system. 

With regard to the use of resistance between the neutral and earth, 
my own view is that for medium- and high-pressure systems it is a 
mistake to put resistance in at all. The resistance in the contact 
between the earth-plate and the carth itself is always an appreciable 
amount, and this added to the resistance of the fault itself is sufficient, 
in the event of a short-circuit to earth, to limit the fault current without 
adding a resistance in the neutral. The object of earthing the neutral 
is to ensure a fault to earth developing into a,sufficiently heavy short- 
circuit to bring out the circuit-breaker ; and the placing of a resistance 
in the earth connection is a step in the wrong direction. 

Mr. Trotter mentioned the case of a wire on an overhead transmission 
coming down; there is no doubt that with an earthed neutral this is a 
source of danger. A wire may come down by breaking away from the 
insulator, and may then cither fall on the cross-arm or sag down under 
it and swing against the side of the post. In either case the post may 
become a source of danger. Or, again, the wire may actually break 
and one or both ends fall to the ground ; in which casc there is not 
only danger to life from the wire itself, but also from the ground in the 
immediate neighbourhood. This danger can be largely obviated by 
having the cross-arms of iron or steel, as is usually the case, and bonding 
them to an overhead earth-wire carried the whole length of the line 
and earthed at both ends. If horns are provided at the ends of the 
arms a wire breaking loose from an insulator will be compelled to lie 
on the cross-arm, and so produce a heavy short-circuit to earth, bringing 
out the circuit-breakers. To cope with a broken wire, bars can be 
fixed fore and aft of the posts, parallel to, but in front of and slightly 
higher than the cross-arms to which they are electrically connected. 
A broken wire hanging down to earth rests on the bar beneath it, and 
so produces a short-circuit to earth, bringing out the circuit-breaker. 

Professor E. W. MARCHANT: Referring to Fig. 1, on page 151, I should 
like to know if, with that apparatus, there is not trouble due to triple- 
frequency currents operating the trip. If the neutral points of the 
generators are earthed and the trip coils carry the circulating currents, 
these currents will be certain to release the trip. The circuit which 
carries the circulating currents is one of small impedance for triple- 
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frequency currents, since with an ordinary 3-phase generator the 
inductance of the stator, when it carries triple-frequency currents, is 
due only to the leakage reactance of the armature coils. 


DISCUSSION BEFORE THE BIRMINGHAM LOCAL SECTION ON 
27TH NOVEMBER, 1912. 


Mr. R. A. Снаттоск : І have carefully read Mr. Peck's paper, апа M 


cannot find in it any fresh reasons for earthing the neutral point beyond 
those that have already been put forward. I agree that in the case of 
pressures of 10,000 volts and upwards it is probably beneficial to earth, 
but below this voltage I do not consider that it is necessary, unless 
experience with a particular undertaking justifies it. In Birmingham, 
on our 5,000-volt, 3-phase, 25-cycle system, we have not yet found the 
slightest necessity for earthing, and we do not propose to do so as long 
as the conditions remain as satisfactory as they are at present. Mr. 
Peck said in his paper that the chief objection to earthing is the fact 
that “the system cannot be operated with an earth on any line wire." 
I consider that this objection is exceedingly important. While I 
admit that an earth on one phase gencrally produces a complementary 
earth on another phase, resulting in a short-circuit, yet I have known 
cases in which an earth on one phase has developed, and it has been 
possible to maintain the supply for some considerable period until this 
earth has been located and rectified. With an earthed neutral under 
such conditions a section of the supply would, of course, have been 
automatically cut off. Maintenance of supply is one of the chief points 
that supply undertakings have to consider, and any arrangement that 
tends to carry this out should always receive farst consideration. 

Mr. Peck in his paper says that it is becoming general practice to 
earth the neutral in all stations supplying 3-phase networks ; and, dis- 
missing the unearthed systems in this way, he proceeds to discuss those 
in which the neutral is earthed. I think that this is hardly fair to the 
unearthed side of the problem, as, in my opinion, there are many points 
in favour of the latter. The first point, of course, is the possible main- 
tenance of the supply with one phase earthed. The second is the 
greater safety to human life in case of accident. With an earthed 
system, if a man touches one of the phases һе is bound to be killed, but 
more than one case has been known in which, on an unearthed system, 
a man has accidentally touched one of the phases, and although he has 
been very seriously injured he has not been killed. The protection 
of the attendants against fatal accidents is such an important point that 
this alone should carry great weight in comparing the two systems. 
The third point is the complication and the unsatisfactory nature of 
the arrangements used for earthing. Mr. Peck describes two or three 
methods of earthing, and advises that one should be tried ; and that if 
this is found to be unsatisfactory then another should be tried. This 
does not look as if the methods adopted are at all standardized, or that, 
indeed, sufficient experience has been obtained in operating them. If 
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the generator neutrals are connected solidly together, there appears 
to be liability of large currents circulating in the windings. Mr. Peck 
mentions 30 per cent of full-load current causing an increase in the result- 
ant heating in the generator of only 1 per cent. But he admits that in 
certain abnormal cases the current in the neutral may amount to the full- 
load current of one generator, or even more. The effect of such currents 
superimposed upon the wattless currents which circulate in the generator 
windings under conditions of low power-factor must be very serious on 
the heating of the generators, and must cut down the useful capacity 
of the machines. These circulating currents apparently depend upon 
the wave-form of the alternators; and in a commercial undertaking 
that has to purchase its machinery from different manufacturers it is 
highly probable that the wave-forms of machines designed by different 
firms will be dissimilar, the result being that it is impossible to prophesy 
what quantity of circulating current will have to be dealt with under 
the condition described above. The alternative is to connect one 
generator neutral to earth, and this, of course, has to depend either 
upon the attendant in charge or upon the very complicated apparatus 
that is installed at the London County Councils power station at 
Greenwich. This apparatus was described by Mr. Rider in his paper 
before the Institution some years ago, and, whilst being very ingenious, 
it is so complicated in its action that under prolonged use there is 
no doubt trouble would be experienced. Again, with one machine 
coupled to earth, in case of a fault on one phase it is quite likely that 
the overload circuit-breakers on this particular machine will be opened 
at the generating station, and the system will then be running unearthed 
just at the time when further trouble is most likely to appear, it being 
well known that when one earth appears on a system complementary 
earths are likely to occur, due to the strain that is thrown on any weak 
places in the insulation. Can Mr. Peck give us some idea of the size of 
resistance that would be required in a large undertaking ? I am under 
the impression that considerable space would be taken up by it, and 
this, of course, is not always easy to arrange for in existing power 
stations. In Birmingham we have designed our high-tension cables to 
stand safely the full voltage to earth on any phase, rather than with the 
idea of cutting down the insulation, as is possible with an earthed 
system. I consider that economy of this kind is far from advisable, 
and the results obtained in Birmingham have fully justified this pro- 
vision. Very few breakdowns to earth of any kind have been experi- 
enced, and these have always occurred in connection with broken 
insulators in the switchgear, or coils in generators. I consider, there- 
fore, that for a system using pressures up to 10,000 volts it is certainly 
better to allow a large factor of safety in the insulation and to run with 
an unearthed neutral. 

Mr. Е. FonnEsr : The general conclusions to be drawn from reading 
this paper simply amount to this, that in operating any 3-phase 
system, if it is found advantageous to earth the neutral, then by all 
means earth it, but if there is nothing tangible to be gained by doing 
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so, then don't earth it. In considering the earthing of the neutral of 
any 3-phase transmission system the factor of safety of its insulation 
to earth should largely determine this point. By the factor of safety of 
the insulation is meant the ratio between the normal working voltage 
to earth (in all systems, whether earthed or not, this is r/A/3 of the 
voltage between phases) and the voltage to earth which would cause 
breakdown when continuously applied under the worst atmospheric 
conditions likely to be experienced. In the case of bare overhead 
transmission lines working at pressures above 50,000 volts between 
phases, this factor of safety is usually about 2:5. In order that this 
factor of safety may be maintained, and also in order to save a large 
additional capital expenditure for insulators, such transmission lines 
should always be operated with an earthed neutral. In this country, 
where voltages are comparatively low and underground systems prevail, 
the factor of safety is usually much higher than 2:5, and the question of 
earthing will largely be decided by other considerations. One of the 
chief points in favour of earthing the neutral, and one which the author 
has not made nearly enough of, is the question of lightning or pressure 
arresters. If full use is to be made of these they should be set to spark 
over at a voltage 25 per cent in excess of the normal working pressure 
to earth, so as to clear the system of all pressure surges ; but if the 
neutral is unearthed they cannot be set with safety lower than 25 per 
cent in excess of the full voltage between phases. In other words, 
with an unearthed neutral the arresters must be set so high that they 
are never likely to operate at all. This is one point in favour of 
earthing; but there are plenty of arguments of equal weight against 
earthing, so that in considering this important question no definite law 
can be universally applied, and each system should be run in the manner 
which, on the whole, is found to suit it best. 


Mr. S. A. МАноор: The subject of this paper is of great interest to M 


power supply engineers, amongst whom there appears to be some 
difference of opinion as to the relative advantages of earthed and 
unearthed neutrals. The conclusions arrived at by the author are not 
very convincing and, I fear, of not much assistance in deciding the 
question, this being left to the judgment of each central station 
engineer. My experience with a 3-phase, 5,500-volt, 25-cycle system 
in which the neutral is earthed "solid" without any resistance has 
been quite satisfactory in actual practice for the last eight years. 
We have had no complications due to the way in which the 
system is earthed, and I see no reason why we should make any 
change. 

Dr. W. E. SuMPNER: The author employs the word “balance” 
in a new sense. A 3-phase circuit is usually described as 
balanced when the three line currents are equal. The author 
has given a new meaning to the term, and it is rather a pity 
he has not suggested a new word to denote the condition of a 
3phase circuit when, from some cause such as leakage, 
the sum of the instantaneous values of the three line currents 
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differs from zero. The paper is a concise and valuable summary of 
engineering experience and opinion on the subject of earthing the 
neutral. The fact that there are wide differences of opinion among 
operating engineers on this subject indicates that many circumstances 
have to be taken into consideration, and the conclusion arrived at 
depends chiefly on which of these considerations the engineer looks 
upon as of dominant importance. Personally, I favour the view that 
the neutral should be earthed in all cases, except where it can be 
clearly shown that there is a great disadvantage in doing so. This 
opinion is based on general considerations of simplicity. A 3-phase 
circuit really consists of three circuits interlinked, except when the 
neutral is carthed, when the circuits are essentially separate. In the 
latter case, a defect in one circuit is not likely to affect the others, 
though it may prove inore serious in the circuit in which the defect 
occurs. On the whole it seems preferable to localize the trouble, 
especially in view of possible dangers arising in high-tension systems 
from what are known rather vaguely as surges. These are likely to 
arise whenever a sudden change occurs in the circuit conditions : and 
they may give rise to much higher potentials than those indicated by 
a simple theory such as that mentioned by Mr. Peck in connection 
with Fig. 2. The formula given (in which there appears to be a 
misprint ; the denominator in the first formula should be K,+K, and 
іп the second Ki+K,+K) only indicates a potential for the insulated 
conductor which is intermediate between that of the high-tension 
main and earth. Probably the explanation of such an experience is 
that, due to a sudden surge, a much higher potential than that of the 
mains was momentarily impressed on the windings. This may have 
caused a puncture of the insulation, converted afterwards into a 
breakdown by the ordinary line potentials. At one time almost the 
only formula needed for electrical engineering was Ohm's law. This 
was afterwards developed into the impedance laws of alternate-current 
circuits, including such cases as that of Fig. 2. But nowadays, with 
high-tension work, engineers are face to face with what may be called 
thc lightning-flash stage of theory ; a theory which as yet no one has 
been able to make very simple, but in which we have to consider 
phenomena akin to lightning discharges and to wireless telegraphy. 
'The ordinary formula of steady flow, such as the one given by the 
author, is not sufficient. 

Mr. A. M. TAYLOR: I think that the author has not proved the 
necessity for earthing the neutral on a low-voltage system, such as that 
at Birmingham. For a system that is not at present operating with 
the neutral earthed, and is not equipped with the arrangement shown 
in Fig. r, there are two courses open if it is decided to earth the 
neutral ; either (1) to put in an earthing resistance sufficiently heavy 
to pass enough current to operate the feeder overload trip gear, or 
(2) to equip each feeder with the arrangement shown in Fig. 1, and 
to put in new and more delicate trip gear and an earthing resistance 
of smaller current capacity. The first course is quite out of the range 
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of practical politics. Take, for instance, the case with which I am 
acquainted. The present overload setting of the circuit-breakers is 
400 amperes, and this will, before long, be doubled on certain trunk 
mains. The overload breakers have just been equipped with a time 
lag of 1$ seconds on the trunk mains. The resistance, therefore, would 
have to carry 1,120 k.v.a. for, say, 2 seconds, or 2,240 k.v.a. if for 
800 amperes. But if five trunks were in parallel, it would have to carry 
5,600 k.v.a. (or 11,200 k.v.a.) for, say, 0'2 second, while the reverse- 
current breakers at the sub-station end were clearing. The resistance 
would probably take up the space of one generating unit and would be 
costly. Consider, also, the serious interruption to supply that results 
from cutting off even one feeder carrying 400 amperes at 5,000 volts. 
If the neutral is earthed this interruption is deliberately invited for 
even a trifling fault. Now in most cases the faults do not occur in 
the cable but on consumers’ premises. Hence it is much better to try 
to devise means to cut off the faulty consumer rather than the whole 
feeder. Consider, now, the other alternative—to install apparatus as 
in Fig. 1. This, again, assumes that the whole feeder has to be cut off 
for the sake of a fault that may be quite unimportant. The more 
sensitive the apparatus the more this trouble is exaggerated. Mr. 
Chattock has already spoken of a case where the fault was on the 
system for over an hour, and was cleared without affecting any one but 
the consumer concerned. I know of other cases. Moreover, the 
arrangement shown in Fig. 1 gives no protection against short-circuits 
between phases. To work with the arrangement of Fig. 1, but having 
no earth whatever, as alluded to incidentally by the author, seems 
to me to labour under the disadvantage that it is only possible on 
very large systems having a capacity current of perhaps 100 amperes 
and many feeders. Even then there is a tendency—though to a less 
degree of course—for the relays on all the feeders to operate, and not 
only on that feeder on which the fault has developed ; and the relia- 
bility may te further affected by the location of capacity round the 
system independent of the cable capacity. The objection to having a 
whole feeder cut off for the sake of a trifling fault would still hold, 
as compared with running with the neutral unearthed. 

Dr. T. F. WaLL: I think this paper contains a great deal of sugges- 
tive information. There is, however, a statement on page 156 which I 
do not understand, viz. “ When both terminals of the high-tension 
winding are connected to the line and one wire is earthed, the resultant 
voltage of the high-tension winding above earth will be V/2, and that 
of the low-tension winding will be one-half as great as before... ." 
It seems to me that if one considers a single-phase system with voltage 
2V between the lines, the potential difference between either line and 
earth will be V if the insulation of each line is equally good ; and this I 
understand to be the sense in which the author intends the voltage V 
to be taken. Hence if one line were connected to the high-tension 
winding of a transformer, that winding would assume a potential V, 
referred to earth potential, if the capacity of the transformer were small 
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compared with the capacity of the line. The potential difference 
between the low-tension winding and earth would then be given by the 
corrected formula on page 155. If, now, both high-tension lines were 
connected to the high-tension winding and one line were earthed, the 
other line would assume a potential of 2V, referred to earth potential. 
As regards the low-tension winding the capacity currents would tend 
to send one end to earth and would, therefore, tend to give the other 
end a potential of twice the value it had in the previous case. The 
actual potential of the low-tension winding to earth would probably 
depend on the tranformation ratio of the transformer. 

I wish to ask the author whether he has any data as to the mag- 
nitude of the equivalent capacities shown in Fig. 2; and whether it 
is likely that the capacity currents would ever cause an appreciable 
amount of heating. 

Mr. T. P. WILMSHURST : It is rather surprising that the author has 
given us no information as to the financial aspect of the question. 
With an earthed neutral on a star-connected system, the voltage between 
any phase and earth cannot exceed 58 per cent of the line voltage, and in 
consequence a smaller dielectric thickness may be used. The difference 
in cost between a cable built to use with an earthed neutral and one built 
for non-earthing is about 7 per cent ; and this might amount to several 
thousand pounds on a large system. I wish that the author would give 
his opinion whether an unearthed system is worth an additional 
expenditure of, say, 7 to 10 per cent in the cost of the cables. 


DISCUSSION BEFORE THE NEWCASTLE LOCAL SECTION ON 
9TH DECEMBER, 19I2. 


Mr. W. C. Mountain: I think the paper can be divided into sec- 
tions, i.e. first the case of large power stations, and secondly of smaller 
private installations, such as collieries. І consider, therefore, it 
would be better to deal with the main subject of the paper, which 
is in connection with power station work. My experience has been 
chiefly with private installations, and I am in favour of unearthed 
neutrals ; but if by earthing the neutral the difficulties can be reduced, 
by all means do so. From the colliery engineer's point of view, how- 
ever, I am not convinced that for ordinary purposes it is desirable 
to earth the neutral. I can only picture to my mind what would 
happen in a colliery with a big pumping installation, etc., operating 
on a system with an earthed neutral, and fitted with protective 
devices, if something went wrong and the supply was cut off. The 
pandemonium which would ensue would be much worse than that 
caused by an earth on an unearthed system when the fault could 
be attended to at the first opportunity. I have always hesitated to put 
automatic apparatus underground, and I think a leakage indicator is 
the most desirable thing to install. 

Mr. C. VERNIER: I am glad to see that Mr. Peck is on the whole 
in favour of earthing. There remain, however, two cases in which he 
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prefers to leave the neutral unearthed, and both relate to overhead 
lines. I do not altogether agree with him in regard to those cases ; 
I am a firm believer in earthing the neutral everywhere, and most 
certainly in the case of high-tension overhead lines under the condi- 
tions existing in this country. He has given very good reasons why 
we should earth on underground cable systems, namely, that cables 
generally break down to earth first, and it is necessary to be able 
to cut off a faulty cable before a short-circuit occurs between phases. 
It is very seldom that a fault arises between phases on an earthed 
system ; but when it does, it is impossible not to know of it, because 
there is such a serious shock on the system that the switchgear is 
usually damaged. Obviously it depends upon the size of the system 
whether we are likely to be able to clear a fault before a second 
one occurs. I was reading a short time ago of an instance in America 
where forty feeders had to be switched off one after another in locating 
an earth on one phase ; and this occupied two hours. І do not think 
anyone would say there was any time lost in this instance ; but during 
the whole of that period there existed the risk of a very serious shut- 
down occurring, should an earth develop on another phase. On a 
large supply system like that operating in this district, the probability 
is that some hundreds of switches might have to be operated for 
locating and clearing a fault in this manner. Some of the conclusions 
of the author do not strictly apply to many systems in this country, 
and elsewhere, where it is common practice to operate mixed systems 
of overhead and underground cables, and where obviously we cannot 
very well differentiate between earthing one system and not the other. 
I think that, generally speaking, leaving the neutral unearthed is a 
condition more applicable to small systems, and especially to private 
installations, where the whole of the plant is under the control of the 
engineer, who can then weigh one risk against another. For large 
systems I see nothing for it but to earth the neutral ; and those under- 
takings which are running satisfactorily at the present time without 
an earth connection will eventually find it an advantage to earth when 
the system reaches a certain size. 

On page 158 the author refers to high-voltage transmission ; by this 
I presume he means those long transmission lines in America operat- 
ing at very high voltages. He mentions having to disconnect the 
neutral in certain cases in arder to make telephone circuits workable. 
I cannot see that we are any better off by doing this, with an earth on 
one phase, as the disturbances on telephone circuits are almost entirely 
due to electrostatic induction; with one phase carthed the whole 
electrostatic balance of the system is upset. With an earthed neutral, 
the disturbances on telephone wires are due in some cases to a third 
harmonic, set up by hysteresis in star-connected transformers, which 
has the effect of raising and lowering the voltage on the three lines 
simultaneously to a value of about 40 per cent of the line voltage. The 
whole line therefore acts as a single-phase line, and causes disturbances 
in the telephone circuit due to electrostatic induction. The author bas 
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not attempted to suggest leaving the neutral unearthed on distribution 
circuits. There is no doubt that we in this country attach very great 
importance to the safety of the public, with the result that we have 
been remarkably free from serious accidents. This cannot be said of 
some other countries where practice differs from ours ; so I think that 
there can be no question that on distribution work the neutral point 
should be earthed. The author refers to the reduced cost of insulation 
possible where the neutral is not carthed ; for moderate pressures up 
to, say, 50,000 volts, I agree with him and do not think it is worth 
while. Although we earth the neutral, we do not consider it advisable 
to reduce the amount of insulation to earth, even on 20,000-volt cables. 
The fact that cables usually break down to earth makes this extra 
insulation of special value in withstanding surges and other stresses 
which tend to break down the insulation to carth. I think this is 
largely responsible for the very successful operation of mixed systems 
consisting of overhead lines and underground cables in series in this 
district. For very high voltage lines, however, say between 80 and 
120 kilovolts, it may be worth while to cut down the insulation 
to earth, especially where corona effects are present to take care of 
pressure rises. I notice in the report of the discussion at Manchester 
a suggestion that a high-tension overhead line should not necessarily be 
cut off in the case of a fault so as to maintain the continuity of supply. 
It is also stated that this view is accepted by supply engineers. I 
certainly disagree most strongly with the suggestion. It savours of 
balancing the cost of a duplicate supply against danger to human life ; 
whatever may be the views held upon this matter in other countries, 
there is no doubt as to which is considered most important with us. 
There is already quite sufficient prejudice against overhead work, 
without introducing any doubt regarding questions of safety. The 
latest development in protective gear, viz. split-conductor protection, 
‘promises to be of very great importance in this respect, as not only can 
it be made to operate on small earth faults, but it operates in the most 
positive manner when a conductor breaks. 

Professor W. M. THORNTON: I think it is well for this question 
to be reopened froin time to time, for though it has been discussed 
on frequent occasions there has been no finality with regard to it, and 
only extended experience can give that. With regard to the voltage 
of the system referred to on page 151, the electrostatic state of the earth’s 
surface is never at zero voltage : it may even be millions of volts in 


thunderstorms. ‘The author means the line voltage of the system 


above earth. Reference is made to the fact that the resultant 
current in a 3-phase system is zero. I do not know why that should 
be so often mentioned, for there is no electrical circuit where the 
‘sum of the currents is not zero. I should like to ask what is the 


.smallest earth current at which the system shown in Fig. 1 would 
operate. (Mr. P. V. HUNTER: With 1 per cent of the line current ; 
.but a delicate relay must be used.] 


It is undoubtedly interesting to note that in the author's opinion 
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the difference of risk of breakdown with the generator neutral 
earthed and with it unearthed can be practically neglected. The 
opinion is still held amongst mining men that earthing the neutral 
is putting a premium on breakdowns, With regard to surges, I would 
suggest that the real oscillations which break down the insulation of 
а system originate in the flame of the arc between phases, by reason 
of its capacity. Incandescent metallic vapour is an excellent example 
of a conducting dielectric ; and with such a medium in a condenser 
the capacity is relatively very large. We have then a condenser with 
appreciable capacity in series with the line; and such a system can 
resonate with great violence. If arcs аге permitted to develop, the 
risk of breakdowns on other parts of the system is very greatly in- 
creased. There is one method of earthing the neutral which does not 
seem to have been referred to in the paper, i.e. through choking coils. 
On page 152 the author states that practically the only question to 
consider is whether the neutral should be earthed solidly through a 
resistance. During the discussion on Mr. Wood's paper read before 
this Section a suggestion was made to earth through a choking coil. 
Certainly from the point of view of theory a choking coil is the very 
thing one wants, but it is probably limited in use by considerations 
of cost. 

On page 153 heavy circulating currents are referred to. I have made 
oscillograph tests in works and power stations, and I have never found 
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two machines having exactly the same wave-form on load ; any machine : 


may have a very different current wave-form when running in parallel 
at low excitation from what it has on full load. The capacity effect 
referred to in Fig. 2 seems to be coming more into general discussion. 
It may not be clear to everybody why the potential of the low-potential 
winding above earth should be equal to VK. That this must be so, 
however, will be clear on considering the fact that the same quantity 
of electricity must pass through both high and low-voltage insulation 
in series, as capacity current ; and since Q =K V, the product of the 
voltage on the insulation and the capacity to the core must be the same 
in both cases. The summary on page 157 of objections to earth-shields 
is very interesting from Mr. Peck's former experience on this point. 

Mr. Baxter has raised the question of “ Potential Front.” May I 
be permitted to explain what appears to me to be the physical fact 
at the back of this somewhat obscure phrase? At the moment of 
Switching on pressure to one end of a wire we have the conditions 
of full pressure at one end, no pressure at the other. The pressure 
from the wire to the surrounding insulation is then equalized along 
the wire at the velocity of “wireless” waves in space. If there is 
no load at the far end the only factors are the electrostatic capacity 
and the impedance of the line; and at any point in the line where 
either of these changes in value there is a reflected electric wave, that 
is a wave of electric stress in the medium around the wire. When 
there is resistance in circuit at the far end the probability of resonance 
is diminished ; the oscillations are less “free” and more “forced” 
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in type; and the influence of motor load once established can 
be expressed in terms of its equivalent resistance. But the state of 
things in front of the electric wave as it advances along the wire is 
not the same as when regular rhythmic flow is established. The current 
does not reach its full value instantaneously ; there is first a thin trickle 
—then the full tide rapidly rising. With large wires and no inductance 
the retardation of the wave front is small and unimportant; but where 
the line wire enters the windings of a motor which have very great 
inductance, only an exceedingly small displacement wave current 
is forced through first under the line pressure, followed in a small 
but infinitesimal fraction of a second by the full state of flow. But 
Heaviside has shown that to force under these conditions an infinitely 
thin filament of current through a system the electrical gradient in 
the insulation rises to an infinite value; so that what we really mean 
by a potential front is the increase of the electrical stress in the 
insulation as the wave front advances along the line, caused by this 
wave front encountering inductance. Suppose that a round shaft 
carried a fly-whecl, and that a twist was applied with infinite rapidity 
to the shaft circumference; it is easy to see that the stress on the 
outer layers would be very much greater at the moment of applica- 
tion, before the stress was equalized over the scction, than when a 
steady stage was reached; and the greater the inertia of the fly- 
wheel the greater the stress at the shaft circumference. Also, even 
if the applied twist alternated periodically, the circumferential stress 
in the shaft would never be so great as at the moment of instantaneous 
application, unless this coincided exactly with zero. 

Mr. W. BAxTER: Mr. Peck, in his conclusions on page 160, seems to 
think that there is no reason for earthing the neutral on high-tension 
transmission lines. Members will remember the recent case in Scotland 
where two people were killed : I believe that the Company is now 
putting in protective gear, and carthing the neutral. I wonder if the 
condenser effect referred to on page 155 is connected in any way with 
what has been called “ potential front.” 

Mr. P. V. HUNTER: What experience I have had with unearthed 
neutrals was gained in the early days of the Durham Collieries system, 
where the tendency was for trouble to occur at more than one place 
at the same time, i.c. if a breakdown occurred at one point, similar 
breakdowns occurred at two or three other points simultaneously. 
I put that down to oscillations caused by free energy, liberated in 
the circuits when one phase went to earth, which has to dissipate 
itself by moving about at a very high speed. It eventually finds one 
or more weak spots. I do not see any real advantage in being able 
to run unearthed, and it tends rather to lengthen the time occupied 
by repair work. An earth on one phase takes time to locate if the 
system is at all extensive; should another earth occur meanwhile 
on another phase, two faults exist on the system at the same time, 
probably at widely different points, and may cause a large shutdown. 
On the other hand, with an earthed neutral the faulty feeder is located 
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immediately by the protective gear. In the old days, without pro- 
tective gear, it took as long to find the faulty feeder as it did to repair 
the fault. The conditions are similar with an earth on one phase with 
an unearthed neutral. I have known several cases where high voltages 
have occurred on quite small installations with unearthed neutral, which 
I have attributed to free energy liberated by an earth on one phase. 
In the case of a colliery having a 6,000-volt supply which was trans- 
formed to 600 volts and which worked with an unearthed neutral, paper 
spark-gaps were inserted between the transformer neutrals and earth 
in order to comply with the Board of Trade regulations. These gaps 
can be set to break down very consistently at any desired voltage by 
varying the paper. I found that although no fault had occurred in 
the transformer the paper had been pierced, showing that a pressure 
of more than 500 volts had existed ; whereas theoretically not more 
than 350 volts could have existed. Greater thicknesses of paper were 
inserted, and it was found that with paper discs which required a 
pressure of 1,200 volts to pierce, sparking-over still took place. A 
2,000-volt disc was not pierced. I am not quite clear whether this 
voltage is accounted for by Mr. Peck’s explanation; namely, that 
capacity effects, as shown in Fig. 2 of the paper or due to a variable 
resistance earth on one of the phases down the pit, cause oscillations 
of free energy. With the ordinary 3-pole oil switch this effect men- 
tioned by Mr. Peck would only last for a very small fraction of a 
second; I am inclined therefore to think that the effect Mr. Peck 
mentions does not ordinarily occur to any serious extent in ordinary 
switching operations on high-tension systems. I think, however, 
they may possibly occur as a serious additional complication when 
faults are automatically isolated on a secondary system having an 
unearthed neutral. Mr. Peck really only supports the unearthed 
neutral in one casc, that of a very high-voltage, heavy-power, over- 
head transmission line; and he supports it not because he thinks 
it best technically, but for continuity of service. I think we may 
say these conditions do not apply to this country. A heavy-power 
high-voltage transmission line in this country would not be run 
without an alternative supply in case of breakdown; in fact, the 
Board of Trade rightly limit non-duplicate supplies to 1,000 kw. 
Mr. Peck’s reasoning does not apply therefore to this country; but 
in America consumers are prepared to sacrifice reliability for cheap- 
ness, and will put up with the occasional shutdown that must 
necessarily occur with a supply given by a single line. The danger 
to the public which exists when a live wire lies on the ground is 
also not considered such a serious matter in America; and in fact 
since many of the lines pass through thinly populated country, over 
private rights of way, the danger does not necessarily exist to the 
same extent as in this country. 

The suggestion of earthing the neutral through a choke coil has 
been raised ; the real objection is the cost, on account of the fact that the 
Choke coil must not be run at saturation point. With the iron circuit 
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Mr. Hunter. saturated, the reactance voltage of the choke would have a very peaked 
wave-form, a very undesirable effect to introduce into a fault to earth. 
To avoid this it would be necessary to use a very expensive choke coil. 
A resistance to withstand a heavy rush of current for a short time can 
be built cheaply, and is not liable to break down. I quite agree with 
Dr. Thornton in regard to circulating currents. The arrangement of 
neutral busbar and one resistance, which Mr. Peck suggests, was not 
adopted in the large power stations in this district because of circu- 
lating currents in the neutral. In several cases Mr. Peck suggests the 
use of spark-gaps; but these should be used very cautiously, as an 
ordinary horn-gap without a series resistance will readily produce high- 
voltage oscillations. The spark-gap in general use here is one in which 
two plates are very close together, in fact with only a very thin piece 
of insulating material between them. When the insulating material is 
punctured by the pressure the two plates weld, whereas an ordinary 
horn-gap does not weld. Mr. Baxter raised the question of potential 
front, and I must say that I have never seen any really convincing ex- 
planation. I know of one case in which sparking has occurred across 
terminals on the same phase of a 20,000-volt boosting transformer, 
the sparking distance being of the order of 8 to ro in. Each winding 
of the booster was in series with one core of a 20,000-volt underground 
feeder, and ordinarily the pressure between two terminals on the same 
phase would not exceed 2,000 volts. Such sparking may be explained 
by potential front when switching the cable and booster together. 

Mr. Hunt. Mr. F. O. Hunt: In the discussion of Mr. W. W. Wood's paper 
some time ago I referred to a protective device. It was an ap- 
paratus brought out by Mr. M. B. Field, which worked on the same 
principle as that shown in the diagram on page 151, in that it depended 
on the sum of the currents being zero. It makes use of the fact that 
if a 3-core cable be surrounded by a magnetic path, the flux in that 
path will be zero only so long as the sum of the currents is zero. It 
can thereforc be applied directly to an existing cable. It is practically 
the same idea, only it balances the magnetic fields instead of the cur- 
rents. As regards the question of using choke coils for earth connec- 
tion, I should like to raise a warning. The whole capacity of the 
network would be really in series with the choke coil. Might not this 
result in the formation of a resonant circuit with very low resistance ? 


DISCUSSION AT MIDDLESBROUGH ON 17TH DECEMBER, 10912. 


Mr. Chris- Mr. W. A. CHRISTIANSON : A class of service not considered by the 
tianson. author, but of great interest to us in this district, is that of generators 
supplying an interconnected network from points widely separate, 
transformers being sometimes utilized. The Board of Trade Rules at 
present limit earthing to one point ; and spark-gaps are generally pro- 
vided at other points in order to bring the neutral to earth potential in 
the event of a possible removal of the earth connection. A case might 
be conceived in which a fault to earth might separate the system into 
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two or more parts due to automatic opening of section switches. 
Serious trouble might then be expected upon paralleling the sections 
together, with the fault still on one section and the earthed neutral on 
the other. In a case where it is found necessary to earth only one 
generator at a time owing to trouble with neutral circulating currents, 
and in event of a fault to earth on the system, there would be a 
considerable drop in voltage on the faulty phase which would not 
occur if several generators were earthed. The former arrangement 
would apparently not clear a faulty fecder with the same certainty 
as the latter arrangement; but no trouble is generally experienced 
in this respect. The author has not mentioned the use of choking 
coils in connection with the method of earthing generator neutrals. 
An interesting arrangement was referred to some time ago in- 
volving the use of a common neutral busbar and a common non- 
inductive resistance to earth, but with a choking coil between cach 
generator neutral and the neutral busbar. The choking coil offered 
three times the impedance to triple-frequency circulating currents 
that it did to normal-frequency earth-fault currents. At first sight the 
arrangement would seem a good one; but I am not aware of its use, 
or indeed of a case where choking coils are used alone in any important 
system. Choking-coil arrangements have generally not found much 
favour. In connection with the voltage induced on the low-tension side 
of a transformer due to electrostatic capacity, how is this likely to be 
affected with different types of windings ? 

Мг. R. M. LoNGMaAN : I think that an explanation should be given 
of what is meant by “earthed.” The general practice is to earth the 
lead covering of all cables ; and from tests I have made, the lead of a 
cable seems to be a better earth than any earth-plate. I have made 
tests under various conditions, and however the cables are laid— whether 
in troughing on the draw-in system, or laid solid —the lead covering is 
a better earth than any that сап be made with plates. In а case that I 
knew of some years ago about 100 yards of two 3-core lead-covered 
cables had just been laid in dry weather in wood troughing filled 
in with bitumen or pitch, and the resistance of the lead covering to 
earth was only about o'1 ohm, which is remarkably low, much below 
that of any two earth-plates. On a system of high-tension lead-covered 
trunk mains drawn into earthenware piping and earthed in each 
manhole, these being spaced about roo yards apart, the resistance 
between such plates and carth was tested after disconnecting them 
entirely from the cables. The lowest value I think was ro ohms, and 
the average about 20 ohms from plate to plate. Some of these were 
in very wet manholes—in fact, water was lying at the bottom. The 
plates were laid under the concrete bottom of the manhole, and when 
Some were taken up they were found to be resting on only four points, 
with a hollow on the underside ; hence the bad contact. That means 
that the lead is “ live" when a fault occurs ; there is thus a danger that 
if the neutral is earthed there would be burning of the lead at some 
points. On small calles that has occurred ; in fact, itis liable to strip 
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the lead at points. In spite of connecting the lead covering of a cable 
to a sub-station earth bar the fault current will not return to the power 
station altogether by way of the lead covering. Tests made on a 
seven-mile length of cable proved this conclusively. 

One of the best ways of earthing the lead covering of a cable is to 
get some old iron rails and lay them in the ground alongside the 
troughing, bonding them to the lead covering; or else to drive 
some pipes or rods into the ground instead of the cast-iron 
earth-plates generally used. A series of tests was made of various 
types of earth-plates laid in different ways, but no conclusive results 
were reached. In the case of an overhead line each pole must be 
earthed. The earth-wires of some poles were taken down, divided into 
six, and spread out in star fashion in the ground. The resistance 
from one pole to another, averaged for about 20 poles, was 20 ohms. 
Nearly all the drop of pressure occurs within a few inches of the earth- 
wire or plate; it is therefore advisable to spread the latter out, and 
even to carry the insulated lead well under the surface so as to avoid 
any great potential gradient onthe surface. The practice of connecting 
generator neutrals solidly together, whether earthed or not, is very 
debatable. I do not think it is at all the correct thing. Circulating 
currents do result. From some tests made on machines of similar 
design the circulating current in the neutral was found to depend 
largely on the power-factor of each machine ; in fact, it was decided to 
put a power-factor indicator on each machine so as to operate them at 
as nearly the same power-factor as possible. Even if the heating effect 
is not considerable I believe that there is a very considerable demagne- 
tizing effect, which is most important. The better plan seems to be 
only to earth one machine at a time. 

Mr. Brazil has referred to a carbon powder resistance. That should 
be satisfactory ; but I think there is more danger of fire with it than 
with iron grids, owing to the presence of air or gases which carbon 
always occludes. 

Wherever a high-tension system is stepped down to a low pressure 
1 think the neutral of the low-tension system should always be earthed, 
both on account of the static effects shown оп page 155, and also on 
account of safety, as in case of a breakdown of the high-tension to 
the low-tension windings there is a great danger to the insulation 
of the low-tension side. The same remark would also apply to 
440- or 500-volt distribution. For. instance, when transforming 
from a high to a medium pressure, say from 11,000 to 3,000 volts, 
if the low-tension side is connected in star, and if there are several 
transformers with similar characteristics, the neutrals could be con- 
nected together, but should have a spark-gap to earth. On all sub- 
sidiary circuits where there is a step down in pressure I think there 
should either be a reliable spark-gap set to go direct to earth when 
there is a breakdown from the high-tension to low-tension windings, 
or an earthed point on the low-tension side. Personally I think it is 
better to have the earth. Оп а circuit fed only by transformers there 
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should be little chance of circulating currents with several neutrals 
earthed; but with a generator in the circuit with the neutral earthed 
no other neutral should be. There is undoubtedly great variation of 
opinion on this question ; but there is one point which I think makes а 
lot of difference, viz. the size of the system that is being operated. It 
would be quite right to run a small system unearthed, but I am 
inclined to think that on the whole the larger systems ought to have an 
earthed point, as there are generally two ways of supplying any 
particular point or consumer. The method of current balancing 
shown on page 152 is hardly practicable. The settings would be very 
fine and the relays would be tripping on the capacity current. 

Мг. L. M. JockEL : With regard to the earthing of generators, in 
practice we cannot always put down the latest types of turbo-alternators 
with non-salient rotors and specially designed compensated windings, so 
as to obtain a theoretically perfect sine wave under almost all conditions 
of load. There are also many cases where a turbo-alternator must 
be installed to work in conjunction with existing reciprocating sets, 
or perhaps an earlier type of turbo-alternator ; in which case very 
serious considerations may arise with an earthed neutral. The higher 
harmonics are generally present in the E.M.F. wave, and I believe 
the third harmonic is usually the most important. The triple- 
frequency circulating currents are of course affected by the excitation, 
and it is seldom possible and sometimes even inconvenient in practice 
to get equal power-factors on all the generators running. I think it 
would, perhaps, be better in such cases to have an ammeter in circuit 
with the neutral connection of each generator so that the excitation could 
be adjusted to give the minimum value of circulating current. The 
author mentions only the heating effect of these circulating currents ; but 
another effect which is perhaps of importance, and which has already 
been mentioned by Mr. Longman, is the demagnetizing effect of the 
higher harmonic circulating currents. It is, of course, well known 
that the sum of the currents in a star-wound generator at any instant 
is equal to zero, but it does not follow that the sum of the higher 
harmonic circulating currents at айу instant is equal to zero. They 
may flow towards the neutral in the opposite direction to the load 
currents in the phase windings, and consequently have a demag- 
netizing effect on the stator windings, which, of course, means extra 
energy required for excitation, and a lowering of the power-factor of 
the machine. My first experience of 3-phase work was in connection 
with a transmission system with ап unearthed neutral. We relied to a 
certan extent on three electrostatic voltmeters which were mounted 
on the control board. "These were connected between each phase and 
earth, However, I am inclined to think they were really more ornamental 
than useful. When faults came on we had not time to run and look at 
the voltmeters before the fault was cleared. I should like to ask the 
author if he thinks that the fact of the neutral being insulated would 
have any bearing on the many troubles we had on the transmission 
cables, From subsequent experience with an earthed neutral it would 
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appear that it is perhaps advantageous in the case of underground 
cables. 

Mr. P. S. THOMPSON: On the north-east coast the case is quite 
proved for earthing the neutrals of generators supplying direct to a 
system without the interposition of transformers. I thinkthat a neutral 
bar earthed through a single resistance has much to commend it, as 
settings of overload relays can then be arranged with some certainty. 
There is, of course, the disadvantage of circulating currents, on which 
perhaps undue emphasis has been laid, as these can be largely 
obviated by the provision of choking coils between the neutral points 
and the bar. A usual arrangement is for each generator to have its 
own neutral resistance to earth. When a number of generators are 
running under those conditions, it is quite probable that a fault to earth 
will be cleared quite quickly ; in fact, soon enough to avoid develop- 
ment into a short-circuit, as fcared by the author. With only one 
generator on the bars, however, it is probable that a fault to earth will 
last sufficiently long to set up very serious disturbances all over the 
system. Mr. Christianson mentioned the case of a network supplied from 
a number of sources, viz., direct, through step-up transformers, and 
also through step-down transformers. It is quite conceivable that, 
with the neutral earthed at only one point, section switches may in 
case of a severe fault operate in such a way as to separate off this 
particular point from the rest of the network, leaving the remaining 
portion of the system with an earth on one phase. Very considerable 
trouble would result when the section with neutral earthed was again 
paralleled with the remainder of the network. I should like the author 
to say how he would deal with such a case—whether by spark-gaps, 
as I think he mentions, or in some other way. It is, of course, obvious 
that a complicated system such as that mentioned could not be directly 
earthed at more than one point. With regard to high-voltage trans- 
mission schemes, while we recognize that there is a certain amount of 
prejudice against the use of pole lines, we also recognize that from a 
commercial point of view they are a necessity. Further, onc cannot 
get away from the fact that if they were so arranged that an earth on 
one phase would cut out the linc there could be no reasonable objec- 
tion to their greater use. Itherefore think that it would be an advan- 
tage from a development point of view if it were the practice so to 
construct pole lines that they would automatically cut themselves out 
as soon as anything went wrong. 

Mr. A. H. W. MARSHALL : The question of what constitutes a good 
earth has a considerable bearing upon the subject which we are dis- 
cussing. My impression is that the old Board of Trade Regulation for 
tramways, which calls for a resistance, between two plates buried 6o ft. 
apart, low enough to permit of the passage of 2 amperes at 4 volts, 
is rarely found possible of application. This shows the difficulty 
which exists. Mr. Peck seems to think that an earth on a cable usually 
develops into a short-circuit; but my experience is that with 3.core, 
extra-high-pressure papcr cables a fault to earth does not spread. I 
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do not want that statement, however, to reduce the value of his argu- 
ment in favour of earthing the neutral of cable networks. In regard 
to the general question, the advantage of being able to operate with 
an earth on one phase is a very doubtful one, and with the exception 
perhaps of small, isolated, overhead systems is not sufficient to com- 
pensate for the disadvantages which exist. It is well known that with 
a free neutral the fluctuation of the voltages when any disturbance 
occurs, with the consequent static unbalancing, is much greater than 
in the case of the earthed neutral. This is specially true with an 
arcing fault, such as may be set up by a broken insulator : an earth 
on one phase is only too likely to break down the insulation on the 
other phases somewhere else, and, from what I have seen, invariably 
does so. As time goes on, and networks become larger and more inter- 
connected, the need for discriminating protective gear will become 
greater, and this will lead to the development and use of instantaneous 
tripping gear, requiring the neutral to be earthed. I am inclined to 
think that the ultimate solution of the problem will be to run with an 
earthed neutral in every case. 

Mr. J. S. Peck (in reply): Mr. Brazil has referred to electrolytic 
lightning arresters. I did not intend in my paper to give the idea that 
the electrolytic arrester was apt to set up dangerous surges in the 
system ; in fact the particular trouble to which I referred might have 
been caused by a simple resistance or a simple capacity as easily as by 
an electrolytic arrester. However, it has been found that there is a 
possibility of minor surges being produced on a system when the 
arresters are being charged, for the purpose of renewing the film ; but 
as far as can be found out, these surges have never been responsible 
for any trouble. Nevertheless, in order to ensure that no damage shall 
result, it is now customary to connect a resistance in series with the 
atresters at the time of charging. 

I know nothing about the merits or demerits of Mr. Brazil's graphite 
resistance, but resistances of a graphitic type have not always given 
satisfactory operation, so that personally I should prefer the cast grid 
type, the characteristics of which are well known and can be replied 
upon. 

As to the question of temperature coefficient, I believe the matter 
can be argued either way, but I do not think it is one of great 
importance in any case. I consider that Mr. Brazil's figure for the 
increase in resistance of cast-iron grids is rather high, as the temperature 
coefficient of cast iron is practically negligible. | 

Mr. Chamen has asked whether the earthing of one generator out of 
а number will not limit the current. With one generator earthed, the 
current will certainly be less than where several generators of the same 
sze are connected in parallel and earthed, provided the limiting factor 
in both cases is not the resistance in the earth circuit; but even with 
one generator an extremely heavy current may flow, which in some 
Cases might damage its windings. 

Mr. Chamen has also referred to the possibility of permanently 


Mr. 
Marshall. 


Mr. Peck. 


k 


Mr. Peck. 


206 PECK: EARTHED v. UNEARTHED NEUTRALS ON [28th Nov, 


earthing one wire of a 3-phase system when the neutral is inaccessible. 
On a low-voltage system I see no objection to this ; but the higher the 
voltage the greater is the risk. The objections are :— 


(a) Two of the wires are raised to a potential 73 per cent higher 
than if the neutral were earthed. 

(b) The charging current on two of the wires is increased 73 per 
cent. 

(c) There may be a slight unbalancing in voltage due to the 
difference in the charging current of the three wires. 


The above points must be carefully considered before deciding to 
earth one wire ; and it should be remembered that there is a decided 
difference between running continuously with one wire earthed and 
running under the same conditions for a short period in case of 
emergency. 

Where the transformers are connected in delta it is often possible 
to get at the middle point of the windings. If the middle point of the 
winding of one of the delta-connected transformers is earthed, then one 
of the phases is maintained permanently at a potential above earth 
equal to 87 per cent of the voltage between wires, while the other two 
phases are maintained at a potential above earth equal to 52 per cent 
of that between wires. 

Mr. Partridge also raised the question of running with one wire of a 
3-phase system permanently earthed ; and he cited as an advantage of 
this method the saving in switchgear. It might be pointed out, how- 
ever, that the voltage strains to earth on a 6,000-volt plant with one wire 
earthed are the same as those on a 11,000-volt plant with the neutral 
earthed ; whereas at the higher voltage only one-third of the amount of 
copper is required as at the lower voltage. 

It was further asked what would happen in a high-voltage trans- 
mission line with unearthed neutral should the high-tension winding 
of the transformer break down to the low-tension winding. When I 
referred to a transmission system with an unearthed neutral, I meant 
that the neutral on the high-tension side of the transformers was un- 
earthed ; but I strongly recommended that in all cases the low-tension 
side of the transformers should be unearthed. In this case the low- 
tension winding could not be raised above its normal voltage, even 
should a breach occur between the high- and low-tension windings. 

The suggestion made by Mr. Partridge of using a spark-gap in 
shunt to the resistance appears to be a good one, for there is always 
some danger of overheating or burning out the earth resistance in the 
event of circuit-breakers failing to operate. The further suggestion 
made of connecting a spark-gap between earth plates and return соп: 
ductor may be useful in certain cases, especially where a satisfactory 
earth cannot be obtained. 

Mr. Nelson strongly advocates earthing the neutral in colliery plants 
in order that the supply may be cut off quickly in the event of damage 
to the cable. I quite agree with him as to the desirability of earthing 
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on underground systems, but I very much question whether it is de- Mr. Peck. - 
sirable to earth the neutral point of every low-voltage system. Take, 
for example, the case of a large engineering works supplied at 220 volts, 
the cables running in all directions about the plant. Earths, more or 
less complete, occur at frequent intervals and are cleared as soon as 
there is an opportunity, but in the meantime the system must be run 
with one end of the wires earthed, as it might cause very serious loss 
and inconvenience to shut down that section of the works in which 
the defective wire was located. 

Mr. Trotter agrees with me as to the advisability of earthing the 
neutral on an underground cable system, but he can see no advantage 
in running with a free neutral on an overhead system. "There may be 
some justification in his arguments with reference to this country, 
where voltages аге low and distances short; but the Journal is read іп 
other countries where conditions are different, and I think it very 
desirable not to confine our papers or discussions to British conditions 
alone. On many transmission systems there are circuits several 
hundred miles long which cannot be inspected every day, but over 
which continuity of service is essential. The possibility of operating 
under emergency conditions with an earth on one wire due to a punc- 
tured insulator, or other similar trouble, may be of the greatest 
importance. Of course such a condition of operation would not be 
permitted to continue longer than necessary. In order to prevent a 
heavy current passing to earth at the defective point it would only be 
necessary to earth the defective wire at the generating station; the 
system would then be equivalent to that at Deptford, which appears 
to meet Mr. Trotter's approval; and I cannot sce that under these 
conditions there would be any risk whatever to the public. 

Mr. Edgcumbe referred to static indicators for showing the condition 
of the insulation of the circuit. I quite agree with him that the modern 
static voltmeter or static earth protector is quite a satisfactory instru- 
ment for low-voltage circuits, ie. circuits not exceeding 10,000 to 
15,000 volts; but on very high voltage circuits it has not proved 
50 satisfactory. An ammeter connected between apparatus and 
earth is useful, but it does not indicate on what feeder or on what wire 
the earth occurs. In the case of transformers which supply a single 
feeder, the ammeter in the connection between the transformer neutral 
and earth would of course be discriminating as far as the particular 
group of transformers was concerned, but it would not indicate on 
which one of the three wires the fault had occurred. 

Dr. Garrard wishes to know what kind of a switch should be placed 
in the earth connection. I would recommend for this an ordinary 
high-voltage isolating switch mounted, as he suggests, in the high- 
tension cubicles, though in some cases a remote-controlled oil switch 
may be preferred. He also wishes to know how close the discriminating 
devices shown in Fig. 1 of my paper can be set. There is no difficulty in 
Setting these to operate with an unbalanced current of 5 per cent of 
the normal full-load current; and by using special transformers and 
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relays it is possible to set them considerably closer than this. 
Overload protective devices in addition to the discriminating devices 
should be used. When I stated on page 155 that if both terminals of 
the transformer were connected to the high-tension line the resultant 
potential of this line above earth would be zero, I meant that this would 
be the case on a symmetrical system, as I had explained elsewhere that 
if the impedance of each wire to earth was not equal the system would 
not be symmetrical. 

Mr. Paton is in favour of earthing overhead circuits as well as 
underground cables. His argument is based on the difficulty of locating 
a defective insulator where it has broken down on an unearthed system. 
In certain cases this is true, while in others the insulator is badly 
shattered and can be picked out without trouble. Where there are 
duplicate lines supplying all customers, there is much more to be said 
in favour of earthing than where single lines are used. In the latter 
case it may be extremely desirable to operate witha punctured insulator 
till the week-end. One of the other wires can then be earthed, when 
the defective insulator will probably be shattered so that it can be 
easily picked out. The whole question seems to rest on the fact that 
without an earthed neutral two breakdowns are required to put the 
svstem out of commission, while with the earthed neutrala single break- 
down will do so. 

I am interested to hear that Mr. Wedmore was the first to suggest 
the arrangement shown in Fig. 1 of the paper. He issues a warning 
against the use of choke coils in earth circuits and the use of testing 
transformers of such proportions that they can produce resonance in 
the circuit; also against the use of too high a resistance in the earth 
circuit. It is evident that the higher the resistance the more nearly 
does the system approach to the condition of an unearthed system. 

Mr. Faye-Hansen asks whether any telephone troubles have 
occurred due to earthing the neutral point. I know of one case 
where very serious telephone troubles occurred when the neutral 
was earthed, but which disappeared entirely when the neutral was 
disconnected from earth : but I do not know whether the neutral was 
earthed at both the generating station and the sub-station. 

I do not agree with Mr. Shaw as to the necessity for a citcuit- 
breaker in the neutral connection, because it will always be possible 
to open the field circuit of a generator in case of trouble, and this 
would be a far more effective means of stopping the trouble than the 
opening of the earth circuit. 

Regarding Professor Marchant's query as to the effect of triple- 
frequency currents on the device shown in Fig. 1 of the paper, there 
will be no trouble of this kind unless there are at least two separate 
stations with their neutrals earthed and with feeders supplying common 
sub-station busbars as shown in Fig. C, ог unless the arrangement 
shown in Fig. 1 is placed between the generators and the busbars. 

I am glad to see that Mr. Watson supports my argument regarding 
continuity of supply with an unearthed neutral, but I cannot agree 
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with him in his statement that the unearthed neutral is more dangerous Mr. Peck. 
to human life; for, with the neutral earthed, a man standing on earth 
cannot touch any live wire without getting a dynamic current through 
his body that is much more likely to prove fatal than is the charging 
current which he might receive when touching one wire of an unearthed 
system. Undoubtedly, present practice favours the building of alter- 
nators with poorer regulation than formerly and providing them with 
automatic regulators ; but even these machines give enormous rushes 
of current at the instant of short-circuit. I am afraid Mr. Watson has 
confused continuous short-circuit current with instantaneous short. 
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Fic. C.—Diagram showing Direction of triple-frequency Circulating 
Currents between two Generating Stations. 


circuit current. This matter has been dealt with by Mr. Miles Walker 
in the fournal.* 

Messrs. Pearce and McKenzie have given some very useful informa- 
tion regarding the system at Manchester, and I believe the decision to 
earth the neutral point through a resistance is one that the engineers 
of all very large systems will eventually come to as their systems grow 
and as the amount of cable, and therefore the charging current, on the 
systems increase. Also as cables grow older there is a greater tendency 
for breakdowns to occur. 

Mr. Pearce asks whether faults do actually start to earth rather 
than between phases. While I have had no actual experience myself, 


* Journal of the Institution of Electrical Engineers, vol. 45, p. 295, 1910. 
VoL, 50. 14 


Mr. Peck. 


$10 PECK: EARTHED v. UNEARTHED NEUTRALS ON [28th Nov., 


I have always understood that in the great majority of cases the trouble 
started with a fault to earth. 

Mr. Chattock apparently has been able to operate a large under- 
ground cable system with a free neutral with very satisfactory results. 
Also there appears no reason why he should not continue to do so as 
long as he has no breakdowns on his cables. But as his system grows 
larger and the capacity current increases, he will no longer be able to 
operate with an earth on one phase without its developing into a short- 
circuit between phases. Also as his cables grow older, troubles will be 
more likely to occur ; and eventually I think he will find it of great 
advantage to earth the neutral and to provide discriminating devices 
on at least the heaviest of his feeders. 

Mr. Taylor bases his arguments against earthing upon the undesir- 
ability of cutting off a very heavy feeder upon the occurrence of a 
trivial fault. By trivial fault he must mean one which passes sufficient 
current to earth to trip the breakers ; but is it possible to continue 
running with such a fault upon a heavy current cable? I believe that 
in very few cases it is possible to do so without the trivial fault 
developing into a very serious one ; and if this is true, then the sooner 
the faulty cable can be isolated the better for the system. 

When the arrangement shown in Fig. 1 of the paper is used there 
seems no very good reason for not earthing the neutral. The device 
would certainly not be as reliable with a free neutral as when it is 
earthed ; but I believe it has given satisfaction in at least one large 
plant. A charging current as large as 100 amperes would not be 
required to permit the device to operate, as a relay can be set for 
a very small unbalancing in current. It will work best when there 
are a large number of feeders ; but it should work in the case of two 
feeders, provided they are not connected in parallel at both ends. 

In reply to Dr. Wall’s question, I think there is no danger from 
heating due to condenser currents between primary and secondary 
windings, even in very high-voltage transformers, provided the 
insulation is properly ventilated. | 

Mr. Wilmshurst has asked whether it is advisable to pay 7 to 10 per 
cent more for cables for the sake of having them insulated for full 
voltage instead of for star voltage to earth. It is the author’s opinion 
that money expended in this way is likely to prove a sound investment. 

Mr. Hunter cites the case of a 6000/600-volt transformer in which 
a spark-gap indicated pressures of 1,200 volts to earth. I do not think 
it is necessary to attribute this to surges, as it is more easily explained 
by the condenser action between the high-tension and low-tension 
windings. When reference was made in the paper to spark-gaps 
between winding and earth, gaps similar to those described by Mr. 
Hunter were referred to, i.e. those which are welded together by the 
passage of current. 

Mr. Christianson has asked how the electrostatic capacity between 
the high-tension and low-tension windings and between the low-tension 
winding and the iron varies with the different types of transformers. 
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The difference will usually not be very great between core-type and 
shell-type transformers with the common arrangement of coils; but in 
general the higher the voltage of the transformer the greater the 
capacity from the low-tension winding to iron as compared with 
that from the high-tension to the low-tension winding. ‘Therefore 
there will be a greater voltage drop between high-tension and low- 
tension windings than between the low-tension winding and the iron. 

Mr. Hornby, Mr. Christianson, and Mr. Thompson have asked what 
should be done in the case of two generating stations which are located 


Fic. D.—Methods of connecting Auto-transformers to prevent 
Circulating Currents between Generator Neutrals. 


some distance apart, and where the Board of Trade Rules prohibit the 
earthing of the neutral point at both stations. I am informed that the 
only reason the Board of Trade object to earthing more than one 
point of any system is for fear of damage due to earth currents between 
the two earthed points ; and that if it can be shown that this current 
causes no disturbance on telegraph or telephone circuits, there will be 
no objection to earthing the neutral point at each station. I do not 
think that any trouble is to be feared from earth currents between the 
stations, provided fairly high resistances are placed between neutral 
Point and earth. There is always the possibility, however, of connect- 
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ing the neutral point of one station to that of the other by means of 
insulated cable, in which case any circulating current would flow 
through the cable and not through the earth. 

If discriminating devices of the kind shown in Fig. 1 of the paper 
are used on a system having two independent generating stations, each 
with earthed neutral, it is necessary to limit to a low value the circulat- 
ing currents, otherwise these currents may cause the discriminating 
relays to operate. Fig. C shows such a system, where the arrows 
represent the direction of the flow of the triple-frequency circulating 
current at some particular instant. It is evident that the resultant 
of the three primary ‘currents is not zero, but that they act as a 
single-phase current, and that if of any great magnitude the relays 
may be operated. 

Several speakers have asked about the advisability of earthing 
through choke coils instead of through resistances. The principal 
objection to the use of a choke coil is its high cost. I myself do not 
attach great importance to the fear of resonance in the case of any 
commercial choke coil, though it is, in general, wise to avoid placing 
reactance in series with capacity. Where it is desired to connect 
several generators to earth, there are certain combinations of auto- 
transformers which may be used to prevent circulating currents, but 
which will not limit the flow of current in the earthed circuit. Fig. D 
shows some of the possible combinations. It is evident that the 
auto-transformer will act as a powerful choke coil against circulating 
currents from machine to machine, but will offer a practically non- 
inductive path for currents to flow to earth. When machines are cut 
out of circuit it may be necessary to change the position of the earth 
connection on the auto-transformer or to cut out the transformer 
altogether. 

The discussion appears to have brought out the following points :— 


1. There is a decided difference of opinion regarding the 
advisability of earthing the neutral point, even in the case 
of cable systems. 

2. Small cable systems seem to operate satisfactorily with a free 
neutral, and it is possible on such systems to operate for 
some considerable time with an earth on one wire of a 3-core 
cable. 

3. On large and extensive cable systems it is advisable to earth 
the neutral through a resistance and to provide discriminating 
devices on at least the heaviest of the feeders. 

4. When two or more generating stations are worked in parallel, 
some means must be found for earthing at all stations, 
which will limit the amount of the circulating earth currents 
to a value which is unobjectionable. 

5. The low-tension side of all high-voltage transformers should 
be earthed. 
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THE TURBO-CONVERTER; A HIGH-SPEED 
DIRECT-CURRENT GENERATING UNIT. 


By F. CREEDY, Associate Member. 


(Paber first received 12th March, and in final form 7th September, 1912 ; read 
before the MANCHESTER LOCAL SECTION 5th November, and before the 
SCOTTISH LOCAL SECTION 10th December, 1912.) 


INTRODUCTION. 


The present paper describes a device which differs in some 
respects from standard mechanical practice in electrical matters, and 
it is written to suggest that a deviation from this practice may some- 
times be warranted by results. 

Electrical engineers are naturally conservative in such matters, but 
itis the writer's belief that a great deal is lost in some cases by too 
rigid adhesion to the standard practice. In some cases very great 
electrical complications are introduced in order to avoid a slight 
departure from traditional mechanical practice. This is well illus- 
trated by the history of the electric locomotive where very great 
electrical sacrifices, and also sacrifices of convenience and accessibility, 
were made in order to produce a locomotive free from gears and 
coupling-rods. When it was finally produced, it was found to be un- 
desirable except for light work, as the well-known New York Central 
accident showed. 

A still better example, of course, is the present type of direct-current 
turbo-generator, and the present paper describes an attempt to supersede 
such a mechanical monstrosity as the high-speed commutator of the 
ordinary direct-current turbo-generator by a construction which, 
though differing from current practice, is far less fundamentally 
objectionable. 

Itis hoped that the present paper may stimulate discussion as to 
forms differing from standard practice and their uses, as if the principle 
isonce established that the standard two-bearing mechanical design is 
not the only one permissible, and that all others will not be summarily 
ruled out, great possibilities are opened out for the use of electrical 
gears of all kinds, besides the one described, which is an attempt to 
solve a very difficult problem by means of an electrical gear. 

The fundamental difficulty, of course, in the design of a direct- 
current turbo-generator, is the collection of the current from the rapidly 
revolving commutator ; and for this in spite of the engineering skill 
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lavished on the subject there would appear to be no remedy, except re- 
ducing the rate of revolution of the commutator. In order to do this, 
Mr. H. M. Hobart has proposed the use of an alternating-current 
generator driving a rotary converter of the ordinary type ; but this 
proposal has not often been adopted in this country, presumably 
through fear of the cost. Another plan that has had a certain mea- 
sure of success is the use of double helical machine-cut gears, which 
are now obtainable in sizes suitable for transmitting large powers. 

The present paper describes a new method devised by the writer, 
which may be regarded, to some extent, as a combination of the two 
mentioned above in that an alternating-current generator of the induc- 
tion type feeding a rotary converter is employed, the induction 
generator being used at the same time as a species of electromagnetic 
gear. By this means it is possible to reduce materially the size of both 
the rotary converter and the alternating-current generator, since while 
in Hobart’s proposal it is necessary to have both capable of delivering 
the full output of the system, in the writer’s plan, the output of the 
system is the sum of the outputs of the component parts, each of which 
therefore need only have half the capacity of the set. 

The turbo-converter, then, in the form in which it has so far been 
developed by the writer, consists of an induction generator combined 
into one machine with a rotary converter, one member (preferably the 
primary) being mounted on the converter shaft and revolving with it, 
and the other, usually the squirrel-cage rotor, being mounted on the 
turbine shaft. Fig. 1 shows a diagram of connections of the device. 

By mounting the generator primary on the converter shaft, instead 
of having it stationary as in Hobart's proposal, we make use of the 
driving torque required by the induction generator, or, in other words, 
the resistance which its rotor opposes to being revolved by the turbine, 
in order to drive the converter, which is thereby caused to generate 
direct current in addition to its function as a converter. 

Let us take, by way of example, a 4-pole generator and 4-pole con- 
verter. Let the converter be running at 1,500 revs. per minute, say, 
and let the 3-phase induction generator be connected to 3-phase 
tappings on the converter armature through the hollow shaft. 

At r,500 revs. per minute 3-phase currents at so cycles will flow 
through the tappings on the converter armature. These tappings are 
so connected that the revolving field of the induction generator rotates 
the same way as the converter armature. In a 4-pole machine with 
50-cycle excitation the revolving field will also go at 1,500 revs. per 
minute relative to the primary winding which produces it. Hence the 
total speed of the revolving field will be 3,000 revs. per minute, the 
sum of its speed relative to its primary and that of the primary itself. 
The squirrel-cage rotor, and, therefore, of course, the turbine, will go 
at approximately the same speed as the field. Hence we have obtained 
an apparatus in which the generator only runs at a fraction of the 
speed of the turbine. 

A little reflection will make it clear that in an apparatus mounted 
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as described, since the driving torque of the induction generator also 
drives the converter as a direct-current generator, the torque exerted 
between rotor and stator of the induction generator must be identically 
equal to that between armature and field of the converter. They are, in 
fact, the same torque exerted at different points. 

The input of power into any generator, of course, is :— 


Power input = torque x relative speed of inductor and induced 
parts. 


If, for the moment, we neglect the losses the power input and 
output will be the same. 

We saw above that the torque of the two elements of the turbo- 
converter was identically the same. If both have the same number of 
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poles, the relative speed of inductor and induced parts will be the same 
in each, and hence each will generate the same amount of power. In 
addition to its function as a direct-current generator the converter, of 
course, changes the power of the induction generator, equal in amount 
to its own, into a direct-current form, and the total power flows out of 
the commutator of the set. 

The reader will not fail to remark the analogy between the present 
apparatus and the well-known and very successful motor converter of 
Bragstad and La Cour. There are, of course, fundamental differences 
between the principles of action of the two machines, but the analogy 
is sufficient to lead us to hope that the newer machine may find a 
sphere of usefulness similar to that of the older. 

Before passing on toa more detailed consideration of the charac- 
teristics of such a set, it may be as well to explain the reason for the 
use of an induction rather than a synchronous. generator, which would 


216 CREEDY: TURBO-CONVERTER: A HIGH-SPEED [5th Nov., 


appear at first sight to be equally applicable. These reasons are few, 
but conclusive :— 

1. If a synchronous generator were employed it would be necessary 
to synchronize the two revolving elements every time the set was 
started. 

2. Owing to the presence of two sources of magnetization in the 
set—one in the converter and one in the generator field—it would be 
possible for the set to “hunt” if overloaded, and for it to fall out 
of step if accidentally short-circuited and be incapable of- picking 
up again. 

3. Collector rings would be required on the high-speed element to 
excite the field. | 


CHARACTERISTICS OF А TURBO-CONVERTER SET.. 


The converter portion of such a set will be distinguished from an 
ordinary rotary converter by a number of peculiarities of design. 

I. Owing to its function as direct-current generator, it will require 
more copper on the armature than a standard converter—exactly the 
same amount, in fact, as the converter portion of a motor converter. 

2. As the field of the converter has to perform the double function 
of magnetizing both converter and induction generator, it will neces- 
sarily be somewhat heavier than that of an ordinary converter. 

'The magnetizing current of the induction generator, in fact, differs 
90° in phase from the working current, and circulates in the 
converter armature in such a position as directly to demagnetize the 
field of the converter. This field, therefore, must be supplied with an 
extra number of ampere-turns sufficient to counterbalance the mag- 
netizing current of the induction generator. 

In order to calculate the increase in the strength of the converter 
field required, we may proceed as follows :— 

Express the reluctance of the induction generator by means of an 
effective air-gap in a manner well understood by electrical designers. 
Multiply this by the ratio of the air-gap magnetic density chosen for 
the induction generator to that of the converter. 

Excitation must be provided for the resultant reluctance of the 
converter calculated as above. 

Expressing the above calculation algebraically, it appears as 
follows :— 


Let— 
д. be the converter effective air-gap. 
ó, be the generator air-gap. 
B. be the converter gap density. 
x З, be the generator gap density. 
1сп — 


Resultant effective air-gap à, + д, B,/B. 


The effect of the induction generator on the saturation curve of the 
converter is shown in Fig. 6. 
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3. The drop in speed of a turbo-converter set from no load to full 
load would at fizst sight appear to be considerable, as the “slip” of the 
induction generator is added to the drop in speed of the turbine. 

However, if the ratio of speeds of the turbine and converter are, 
say, 2 : 1, the effect of the slip on the speed of the converter is reduced 
in the same ratio, so that the resultant drop in speed is much less than 
might have been anticipated. This is best seen by a short algebraical 
investigation. 


Let— 
ko = the speed of the turbine. 
k, =the synchronous speed of the induction generator. 
s —the slip. 
P, = the number of poles of the converter. 
P, =the number of poles of the induction generator. 


Then we have— 
Converter speed = k, — s — k.. 
: P. 
Frequency generated by converter = (А, — s — k.) X E 


Synchronous speed of induction generator 


120 
— frequency of supply x P” 


P, 120 
k, = k — 5 — k,) 120 X P, 


Transposing and cancelling— 


k, (P, + P;) = (kə e s) Pi 
or— 
P, 
SS Je р 

Substituting this value for & in the equation for the converter speed, 
we get— 

Converter speed = (k, — s) са 
ресс = o — 9 р ур, 

If we neglect the slip for a moment this equation shows us that the 
general rule for finding the “ gear ratio” of a set having any numbers 
of poles P, and P, is as follows :— 

“Divide the number of poles on the induction generator by the sum 
of those on the converter and the induction generator, and the result 
will be the ratio of the converter speed to that of the turbine on no 
load.” 

In order to illustrate the influence of the slip on the converter speed 
let us take the rather extreme case of a bipolar induction generator 
coupled to an 8-pole converter giving a *' gear ratio" of 5:1. If the 
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turbine runs at 3,650 revs. per minute, say, the no-load speed of the 
converter will be 730 revs. per minute. Suppose, now, the slip of 
the induction generator is 150 revs. per minute, or somewhat over 
5 per cent. The full-load speed of the converter by the rule given 
above will be one-fifth of 3,509, or 700. Thus the converter has only 
dropped from 730 revs. per minute to 700 revs. per minute, i.e. 
30 revs. per minute, or about 4 per cent, while the induction gene- 
rator has slipped 150 revs. per minute. 

There should be no difficulty in a machine of any size in reducing 
the slip of the squirrel-cage induction generator to 2 per cent, so that 
its effect on the converter speed will be very slight. 

It has been thought desirable to discuss the subject of slip in the 
induction generator quite fully, as otherwise it might appcar to have 
a seriously injurious effect on the regulation of the set. However, the 
above investigation shows that while the series field of such a set 
requires to be a little stronger than in an ordinary generator in order 
to offset this, yet the effect of the slip is of quite small magnitude. 

4. Such a set can very readily be employed as a 3-wire set. All 
that is necessary is that the induction generator be connected in 
* star" and a tapping led from the neutral point to a collector ring, 
the brushes on which are connected to the neutral wire of the system. 
A test of the experimental machine as a 3-wire machine is shown in 
Fig. 8. 

5. Starling.—It is, of course, obvious that the turbo-converter can- 
not be started from the steam-turbine end without auxiliary means. 
The steam turbine and squirrel-cage rotor attached will start up alone, 
while the converter portion remains stationary without showing any 
tendency to start. It is necessary to bring the converter up to a 
sufficient speed to generate enough voltage to excite the induction 
generator before the primary and secondary of the latter can get into 
step. 

Methods of starting may be divided into two classes—electrical and 
mechanical. 

Let us take electrical methods first. 

I. If a supply of direct current is available, the converter may be 
started up as a direct-current motor, when it will bring the turbine up 
with it to its rated speed of twice or more that of the converter. Steam 
can then be admitted, and the set will be ready for load. This is by 
far the best plan where applicable, but of course it requires an appre- 
ciable supply of electric power to enable it to be used. 

2. Another plan requiring only a very small supply of power is the 
following :— 

Means are provided for causing a direct current to circulate in one 
of the phases of the induction generator during the starting period. 
The generator so excited acts as an electric clutch, which will bring 
both elements up at the same speed, and may be automatically thrown 
out of action when the converter reaches the desired speed. 

Coming now to the mechanical methods :— 
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r. One of the best mechanical methods is that illustrated in Fig. 2. 
By means of an auxiliary idler shaft the turbine is belted on to the 
converter by the use of pulleys, which may conveniently be arranged 
to give the same velocity ratio as the induction generator. 

On starting the turbine, the converter is brought up to its correct 
speed by the agency of the belts, and as soon as thc field switch is 
closed will be ready for load. The belts may then be run on to loose 
pullevs and the idler shaft stopped. This may be done by hand or 
automatically by means of a solenoid operated by the voltage across 
the converter brushes. 

Gearing could be used instead of belts in the above method, but 
would probably be less satisfactory. 

2. An auxiliary turbine might be used to start the converter. 

3. Primary and secondary of the induction generator might be 
coupled by a centrifugal clutch releasing when the converter reached 
its rated speed. 


Fic. 2.—Starting Arrangement for Turbo-converter, 


4. They may be coupled by a clutch operating when the torque 
between primary and secondary exceeds a certain value. А rudi- 
mentary instance of such an appliance is tbe device occasionally useful 
for experimental purposes, wherein primary and secondary are tied 
together by means of a predetermined number of thicknesses of 
thread. 

When the machine reaches an appropriate speed, the torque 
between the two becomes sufficient to burst the thread and the two 
portions of the generator fall into step. When we come to criticize 
these methods with a view to picking out onc for practical application, 
we find that all of them except the first electrical and the first 
mechanical methods arc subject to the following criticism. So long 
as everything is in perfect order all of them will operate all right, but 
if the clutches or switches required failed to operate as expected, the 
converter would run the risk of being raised much above its rated 
speed, the result of which would very likely be disastrous. Means 
could probably be found to prevent this, but on the whole it seems 
better to adopt a method where this criticism cannot arise. 
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The first electrical method described is not applicable in the 
absence of a considerable supply of electrical power, hence we come 
to the conclusion that the best method of starting is by means of belts 
and an idler shaft as described. 


MECHANICAL DESIGN OF THE TURBO-CONVERTER. 


Two different forms of mechanical construction are possible for the 
turbo-converter. Firstly, the type illustrated in the drawings and 


— 


Fic. 3.—Punching for 500-kw. Induction Generator. 


photographs, which may conveniently be called the “flywheel” type, 
or secondly that sketched in Fig. 6, which may be called the * spinner " 
type, as the mechanical construction is the same as that of the multiple 
speed induction motor made by Mavor and Coulson of Glasgow, and 
called by them the “spinner” motor. In this type the squirrel-cage 
rotor forms the inner element, and is driven direct by the turbinc. 
Surrounding this is a second element, the “spinner” capable of free 
rotation and also supported by means of ball bearings or the like on the 
same bearing pedestals in which the squirrel-cage rotor runs. This 
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clement bears the primary winding of the induction generator on its 
inside surface and the armature winding of the converter on its outside 
surface, being fitted with a commutator and brushes in the usual way. 

Outside of this again is the field ring of the converter, carrying the 
pole-pieces and their windings, etc. 

The author, however, has hitherto devoted his attention chiefly 
to the other or **fly-wheel" type of design, perhaps chiefly because 
it permits of the use of a standard design of converter. 


Ang ma 7777 7 ә A 
ШЙ t 
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The cardinal feature of this, of course, is that both primary and 
secondary are “overhung,” or, in other words, supported by a single 
bearing. 

A description is given below of the design adopted by the writer to 
render this construction unobjectionable. The most essential feature 
of any single-bearing construction is to reduce the overhang of the 
centre of gravity of the overhung mass beyond the bearing-nose as 
much as possible. 

It will be found in every case that the design adopted enables 


222 CREEDY: TURBO-CONVERTER: A HIGH-SPEED [5th Nov., 


us to reduce this overhang to a matter of a few inches beyond the 
bearing nose even in the most extreme cases, and for sizes of 500 k.w. 
In order to do this, an induction generator design of large diameter and 
short length must be adopted, of course. In order to give definitive- 
ness to the description of such a design, I give below particulars of the 
electrical and mechanical design for the induction generator of a 
500-600-kw. set. 


PARTICULARS OF INDUCTION GENERATOR FOR 500-KW. 500-VOLT 
TURBO-CONVERTER SET. 


Number of poles of induction generator J 
Number of poles of converter ... T 8 
Ratio of turbinc to converter speed 2 ЗЛ 


Turbine speed (assumed) 
Converter speed (approximately) 


ary of induction generator 


Frequency of current in induction generator 


Kilowatt capacity of induction gencrator 333 kw. 
Connection ; 6-phase star 
Full-load current per pitas 400 
External diameter 45 in. 
External diameter (primary) 45 in. 
Internal diameter (primary) 30 in. 
Air-gap (single) is 3y it. 
External diameter condan 291i in. 
Internal diameter (secondary) ... IS in. 
Number of primary slots... 168 
Number of secondary slots 113 


Useful dimensions of primary slot 
Useful dimensions of secondary slot 
Number of bars per slot (primary) 


1,800 revs. per minute 
600 revs. per minute 

Relative speed of primary and second- 

1,200 revs. per minute 


40 cycles 


I'25 X 0°325 in. 
I'125 X 0'375 in. 
in I 


Number of bars per slot (secondary) ... ae I 
Size of primary bar 1'125 X 02 in. 
Size of secondary bar I X 0325 in. 
Net core-length IO in. 
Gross core-length тї} in. 
Number of vent ducts 3 
Width i . jin. 
Leakage coeftic ient (calculated diy Hellmund's S 

formula) 0'02 
Full load efficiency ET per cent 


Full load power factor 


> 


- 


Peripheral speed of primary (outside diameter) 7,ocoft. Јама. 
Peripheral speed of primary (gap diameter) 4,650 ,, 
Peripheral speed secondary (gap diameter) 14,000 , 
Peripheral speed secondary (inside diameter) 7,000 ,, 
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lt is clear from the peripheral speeds and diameters given that we 
need have no anxiety as regards the effects of centrifugal force on the 
primary. It is merely necessary to take care that the primary end 
connections are well anchored in any convenient way. 

The peripheral speeds of the secondary are also quite moderate. A 
squirrel-cage rotor is, of course, ideal for high-speed designs. As there 
is only one bar per slot which can be pushed through from the end 
there is no diffculty in thickening the overhanging lip of the slot 
sufficiently to take care of the centrifugal force of the bar. 

The only point which need cause us any anxiety is the short- 
circuiting ring of the squirrel cage. This cannot be made of steel, as it 
must consist of a high conductivity non-magnetic material. In this 
connection I wish to draw attention to the properties of aluminium for 
high-speed work. It will be found, on calculation, that for all high. 
speed work aluminium gives a factor of safety only inferior to that of 
good steel on account of its extreme lightness. Probably some of thc 
new light alloys arc still better in this respect. At present prices, 


moreover, aluminium is, volume for volume, cheaper than any other 
material except cast iron and an ordinary grade of steel, again on 
account of its lightness. 

As regards conductivity, it is a commonplace that an aluminium 
high-tension line is cheaper than a copper one of the same conductivity, 
so we may feel reassured on this head. 

Hence, if we adopt the end-ring construction shown in Fig. 4, in 
which the end ring is made of rolled aluminium sheet, we have an 
ample factor of safety against centrifugal force. 

Fig. 4 is a sketch, approximately to scale, showing the mechanical 
design of the induction generator whose dimensions are given above. 
It will be seen that the centre line of the secondary only overhangs the 
bearing nose by little more than an inch, while the slowly revolving 
primary is overhung by approximately 9 in. We may estimate 
the weight of this, including everything, as not over 3,500 lb., so that 

with an overhang of only g in. and a speed of 600 revs. per minute we 
are well within the range of flywheel practice. 
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The cardinal features of the design uscd to obtain these results are 
two in number. 

1. The primary frame is made of a non-magnetic material in which 
a number of holes are cast corresponding to the stator slots. ‘Through 
these holes the stator bars are brought, and so the stator winding 1s 


| 
| 


Кє. 6. 


kept outside the frame. An alternative construction not requiring the 
use of a non-magnetic frame is shown in Fig. 5. 
Bv this means we obtain the following advantages :— 


(a) The overhang of the primary is reduced very much, as we do 
not have to allow space for the end connections inside the 
frame. 

(^) The frame abuts solidly on the punchings all round, and there - 
is no hollow space to cause mechanical weakness. 
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(c) There is ample room for the end connections, and they do not 
have to be cramped in any way. Any engincer who, like 
the writer, has had to design end connections for a cramped 
space, will know how great an advantage this is. 

(d) There is ample ventilation for the end connections. 


2. The other important feature of the design is the arrangement 
whereby the joint between the two hubs on which the primary and 
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Ес. 7.—Turbo-converter (No-load Saturation Curves). 


secondary of the induction generator are built up is made inside the 
bearing instead of on the projecting part of the shafts in the usual way. 
This enables us to have a quite ample and rigid bearing surface, and 
vet only have a shaft extension of about 3 in. in the set considered. 
The distance between the ends of the two bearing brasses is only about 
I1 in., scarcely more than it would be with an ordinary flange coupling. 
The machine, in general, consists of two forced-lubrication, water- 
cooled bearings of large size supporting respectively one end of the 
VoL. 50. 15 
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turbine and the secondary of the induction generator, and one end of 
the converter and the primary of the induction generator. Mounted 
on the turbine shaft by a very long taper fit and keyway is a steel hub 
on which the secondary of the induction generator is built up. This is 
built up of punchings in the usual way, the end rings of the squirrel- 
cage winding being of aluminium in which holes are punched for the 
bars, these being afterwards riveted over on the outside. The primary 
is built up within a frame provided with holes on one side through 
which the insulated stator bars pass. This frame is mounted by a 
taper fit of ample area and keyway on another steel hub similar 


VEM 9 Ge ‘Ges ggg — ————— 


3200 | /600| 
| 


3000 |7500 t 


| 


I » 
2800 | 1400 |27 


2400 | 1200 |£X 


i d 


| 
| 


С /O 20 X H 50 60 70 80 20 JO "О 


Hn"mperr5 Loa 7 


Ето. 8.—Load апа Speed Curves as Shunt Generator (no Compounding). 


in general design to that used for the secondary, which is again 
mounted by a taper fit within the bearing on the converter shaft. 
In order to save the space taken up by a nut on the front end, these 
taper fits are arranged to tighten up from the back as shown. 

The leads are brought from the primary winding through the 
hollow shaft to the converter. 

Finally, it will be of interest to describe the tests made on the experi- 
mental set mentioned above. 

Fig. 7 shows the no-load saturation curve of the turbo-converter 
both with and without the induction generator connected, whence the 
demagnetising action of the latter will be clear. 

Fig. 8 shows load and speed curves for the machine as shunt 
generator. In these curves the turbine speed is shown to one-half the 
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scale of the generator speed. Since half the speed of the turbine is the 
synchronous speed of the generator the difference between the turbine 
and generator speeds read off on the generator speed scale is the slip 
in revolutions per minute of the induction generator. 

It will be seen that the load was limited by the capacity of the 
turbine, which began to fall rapidly in speed above 9o amperes load. 

Fig. 9 shows: curves of the set arranged as a 3-wire machine in 
the manner described above. In the machine as built no collector 
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Fic. y.—Load Curve as Three-wire Machine (no Compounding). 


ring was provided for the neutral of the induction generator, and 
hence for the purpose of the test it was earthed and a lead taken 
from a stationary part of the frame for the neutral wire. 

Load was then applied to one side of the system only, the other side 
being left entirely unloaded, with the results shown in the curve. 

It will be seen that the maximum difference in voltage between the 
two sides corresponding to full-load current on one side and no load on 
the other was 34 per cent. 

The total voltage fell somewhat as one side was loaded, but this, 
of course, could be corrected by ordinary compounding coils. 
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Walker. 
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Fig. 10 shows a number of retardation curves taken on the set 
under various conditions. Among other points, one of the most in- 
teresting is the following :— 

- Curves 1 and 2 are curves taken with the field off and the machine 
therefore unexcited. One, however, was taken with the secondary in 
‘place, and the other with the machine removed from its base and the 
secondary therefore out. The curves show that the retardation is quite 
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appreciably less when the rotor is in place, a result which can only be 
ascribed to diminished air friction. 


DISCUSSION BEFORE THE MANCHESTER LOCAL SECTION 
ON 5TH NOVEMBER, 1912. 

Professor MILES WALKER: One of the good points about this 
apparatus is the fact that we have in the squirrel-cage rotor a 
perfectly simple mechanical construction for the high-speed rotating 
part of the generator. In addition to that we have the lower speed of 
the commutating part. I am inclined to join issue with Mr. Creedy as 
to whether it is possible to make a continuous-current generator run at 
a very high speed. In my own experience we can run commutators at 
something like 10,000 or 11,000 ft. a minute and keep the number of 
revolutions at 2,000 to 3,000 per minute without any difficulty whatever. 
The difficulties with turbo-generators in the past have arisen not so 
much from the high speed of the commutators as from the fact that 


1912] DIRECT-CURRENT GENERATING UNIT: DISCUSSION, 229 


sufücient provision was not made for expansion and contraction ; 
dificulties of that kind have been met with not only in turbo-generators 
but in ordinary continuous-current machines. They arise from con- 
structing a commutator of a number of copper bars supported entirely 
on insulating material. When warmed up, the bars press upon their 
supports with very great force, so that when cool there may be a certain 
amount of looseness and some movement of the bars relativelv to one 
another. | 

I admit that where a commutator is running at a high speed 
any roughness which may arise from this cause is more pronounced 
than it is on a very low-speed commutator where the inequalities 
can be followed much more easily. But if the commutator is 
running perfectly true—and a radical face commutator can be made 
to run perfectly true for years—then the mere fact that it is running 
at 3,000 revs. per minute and has a peripheral speed of 10,000 ft. 
per minute is absolutely no argument against it. That is best proved 
by an inspection of machines which can be found all over the country. 

Mr. Creedy really takes a very easy case, that of a 600-kw. 
300-volt machine giving 1,200 amperes, and he runs his turbine 


at only 1,800 revs. per minute. One would hardly call that a turbo-- 


generator. There are in this country many machines . delivering 
thousands of amperes and running at speeds of 2,500 revs. per minute ; 
there also are machines delivering more than 1,000 amperes and 
running at 3,000 revs. per minute, machines which are running year in, 
vear out, from Monday morning to Saturday afternoon. They simply 
run like an ordinary low-speed machine without any special attention 
being required by the brushes. I can show Mr. Creedy a brush which 
has been used for more than 18,000 hours— practically three years—on 
à commutator running at 2,500 revs. per minute, and the brush has only 
worn half an inch. On that same machine at the end of three years 
nearly all the brushes that we installed for the first run were still in use. 
It therefore gives an altogether false impression to say that a high-speed 
commutator cannot be built: it can be built, and it is built most 
successfully. 

It is very important that this point should be established ; it is not 
nght that Mr. Creedy's remarks on this matter should go out to the 
world unchallenged ; I therefore take the liberty of quoting one or two 
cases in point. Іп a certain works in Sheffield—a very important steel 
works where they use a large amount of continuous current—the 
engineer responsible for the equipment investigated very cautiously to 
see if high-speed commutators could be made to run satisfactorily with 
carbon brushes. Although there was some evidence of trouble from 
expansion and contraction he was finally convinced that these troubles 
could be met as in low-speed machines. He first ordered two 500-kw. 
turbo sets running at 2,500 revs. per minute, and each delivering 2,200 
amperes. After trying these for more than a year he ordered a 1,000-kw. 
set, consisting of two 500-kw. generators in tandem, running at the 
same speed. This set supplies over 4,000 amperes continuously from 
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Monday morning to Saturday afternoon, and gives no more trouble 
than a low-speed generator. The Cunard Company—who are also very 
careful with regard to the kind of machinery they connect to their steam 
turbines—have looked into this matter. They have seen the machines 
at Sheffield and other parts of the country, and they have decided to 
use radial-type commutator, continuous-current turbo machines on their 
ships. The main reason for their decision is that they are satisfied that 
the reliability is great and the upkcep small. In face of these facts one 
cannot say that satisfactory high-speed continuous-current machines 
cannot be built; they can be built, and they are built. There are 
machines running here in Manchester, built by Messrs. Siemens 
Brothers, which are running in a thoroughly satisfactory manner. 

Let us see what Mr. Creedy proposes instead. He has a machine 


which only runs at 1,800 revs. per minute. This is far too low a speed 


for a 600-kw. steam turbine. The size quoted by Mr. Creedy is— 
diameter 30 in., and length 114 in. If we take the square of the 
diameter, and multiply by the length, we get about 10,400 cub. in. 
In the particular machine I have mentioned—the 500-kw. machine that 
has given such great satisfaction in Shefheld—D’L is only 6,900: 
that is to say, in the turbo part alone of Mr. Creedy's machine the 
material is 5o per cent more than in a continuous-current generator. 
Not only is the generator cheaper, but the turbine is also cheaper, and 
the operation of the machine is very satisfactory. It is not true to say 
that the converter part of Mr. Creedy's machine may be made very 
small for its output ; it cannot be made as small as an ordinary rotary 
converter. In an ordinary rotary converter the copper losses are onlv 
about o0'3 of the losses in a similar continuous-current machine 
delivering the same curreht ; whereas in Mr. Creedy's machine they 
are about 0775, so that more copper must be provided in the armature. 
The field winding also must be bigger than in the rotary converter, 
because it has not only to magnetize the field of the machine itself, but 
it has also to provide a wattless current for energizing the turbo- 
generator. 

If Mr. Creedy can design on his principle a satisfactory soo-kw. 
machine running at 6,000 revs. per minute so as to give the turbine 
designer a good opening for a cheap machine, then one could see some 
advantage over the ordinary generator, which one does not care to run 
at higher speeds than 3,000 revs. per minute. Or it may be that foc 
very large outputs the type of electrical reduction gear may be 
of service. 

Whatever machine it is desired to build, whether an induction motor 
or a continuous-current generator, itis always possible to rotate the 
stator; if the stator is rotated at the same speed as the rotor the out- 
put is doubled. It may be that Mr. Creedy is right in putting his 
copper and iron on a spinner or overhung spider, and in that way 
doubling the output of his material. The future will prove whether 
engineers will come round to spinning the stators of their machines. 

Although Mr. Creedy has said that the construction shown in Fig. 4 
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isa better construction than that in Fig. 6, I do not quite agree with 
him. I think, notwithstanding some little difficulty in the mechanical 
arrangement shown in Fig. 6, the whole construction illustrated there 
is more satisfactory than that in Fig. 4. In order to support the stator 
he proposes to use a non-magnetic support for the iron punchings and 
copper coils; that will be an exceedingly expensive design, because it 
has to be very thick in some parts, and it will also have eddy currents 
generated in it where the coils come through the slot. It may be 
possible to consider Fig. 6 as showing a construction for saving 
material; but whether the purchaser can be prevailed upon to pay 
a rather lower price and put up with the troubles that may arise from a 
mechanical construction to which we are not well accustomed is 
another matter. 

Mr. J.S. Peck : However much we may criticize Mr. Creedy's turbo- 
converter as a commercial machine it is certainly very interesting ; but 
І do not believe that it is the final solution of the problem. Mr. Creedy 
refers to the commutator of a continuous-current turbo-generator as a 
mechanical monstrosity ; what, then, would he call the arrangement 
shown in Fig. 2? І can hardly believe any engineer would accept such 
a machine if he had to operate it. First, there is a generator with both 
the field and armature rotating. This machine is coupled through a 
jack shaft with belts and fast and loose pulleys to another machine. 
The combination looks to me to be perfectly hopeless as a practical 
machine. 

The commutator of a continuous-current turbo-generator is not an 
ideal mechanical construction ; but there are, as Professor Walker said, 
many machines which are working and giving perfect satisfaction. 
Trouble comes when it is used for the very large sizes of very 
high-speed machines. The tendency on the part of the turbine 
designer is to force the speed of his machines higher and higher, so that 
I believe the final solution of the problem of driving large continuous- 
current generators will be found in the use of gears, or in the use of 
alternators and rotary converters. The rotary converter and alternator 
have been used quite extensively in America, while the gear drive 
seems to be coming into favour everywhere. 

With a synchronous machine driving a rotary converter it is not 
necessary to synchronize ; but when the two machines are connected 
together electrically, and started up together, the rotary converter 
comes up in step with the generator provided the fields of both 
machines are excited. Even if synchronizing were necessary, how- 
evcr, it would not make the arrangement impossible—synchronizing is 
done every day. 

Returning to the turbo-converter, the use of non-magnetic material 
for supporting the primary laminations appears to me as it did to Pro- 
fessor Walker. The construction is very weak, and if the arrangement 
shown in Fig. 5 were used I cannot see that it would avoid the electrical 
difhculties. If non-magnetic material is used to bush the openings 
through which the armature conductors pass there would still be heavy 
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currents set up in the magnetic material; and the use of these bushes 
would, of course, decrease the strength of the whole frame, since it 
increases the amount of material that has to be cut away, so that there 
would be very little left to support the frame. 

The problem of carrying heavy leads through the shaft is also one 
which would have to be considered ; and while it could probably be 
arranged without great difficulty it is one of the numerous problems 
affecting the mechanical construction. Professor Walker has already 
pointed out that the continuous-current machine must really be much 
larger than a rotary converter having half the output. 

There is one other point, Mr. Creedy has chosen a speed reduction 
of two to one; if he uses some other ratio in order to get a higher 
turbine speed or a lower speed on the continuous-current generator, 
then the claim that the capacity of each machine is only one-half the 
total capacity of the set is no longer true, even theoretically. 

Mr. W. Cramp: There is one point which has not been touched 
upon by previous speakers, I refer to Mr. Creedy's suggestion that 
electrical engineers are very conservative in adopting new ideas. I 
think it is only right to call attention to the fact that of all engineers in 
the country, or in the world probably, electrical engineers are the most 
open to welcome new ideas. It would really be more true to say that 
if there is any tendency at all in the electrical engineering world it is 
rather in the direction opposite to conservatism. Every manufacturer 
is so concerned to put on the market something different from his 
neighbour, and something that is largely new, that we have no standard 
at all in this country. As an instance, look at the general principles 
involved in this very machine. At least twenty-five years ago a very 
large generator was put down in Berlin by Siemens with a ring 
armature and overhung bearings similar in principle to that shown by 
Mr. Creedy; I believe that machine is still running. Again, Dr. 
Ferranti told me at least fifteen years ago that one of his first gener- 
ators was designed with both the field and armature rotating, and that 
he still believed in that principle if it were not for the difficulties to be 
overcome in the matter of bearings. Again, a German company put 
on the market some ien years ago a line of small motors having 
ring armatures in which both the inside and the outside of the ring 
were utilized, and, as a result, the armature had to overhang the 
bearing. 

Both the well-known “Boucherot " motor and the “ Spinner " motor 
have had a certain amount of success, though both depend upon the 
principles of which Mr. Creedy is afraid in this machine, so that it does 
not necessarily follow that the new machine is condemned from the 
mechanical standpoint. 

On page 218 there is a point which may prove a difficulty to other 
readers of this paper. Mr. Creedy refers to a machine running at 
3,650 revs. per minute at no load. He then says “the full-load speed 
of the converter by the rule given above will be one-fifth of 3,500, or 
700.” The induction generator has slowed down with load 150 revs. 
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per minute, and yet on well-known principles an induction generator 
ought to run above synchronous speed to give any power. The 


Mr. Cramp. 


explanation appears to be, that though the actual speed of the rotor - 


decreases, its speed relatively to the stator has increased, because the 
latter is running in the same direction but faster. I should like 
Mr. Creedy to confirm this. 

With regard to the arrangement shown in Fig. 2, it scems to me 
that there will be mechanical troubles with the belt drive. The pulley 
upon the turbine shaft, for instance, can hardly be less than 1 ft. or 
18 in. in diameter, and it may even be greater ; but if the turbine is run 
at 3,020 revs. per minute the belt speed will be of the order of 10,000 ft. 
per minute, which is excessive. 

Then on page 223 the use of aluminium is referred to. Mr. Creedy 
says that, “volume for volume aluminium is cheaper than any other 
material except cast iron." Now it is not clear what he means by 
" volume for volume" ; does he mean volume for volume with regard 
to the comparative heat, or comparative losses; or does he mean 
volume for volume as regards actual cost? I shall be glad if he will 
give an explanation of what the volume is for copper and aluminium, 
both from the point of view of cost and of heat. Professor Walker 
made a comparison between the dimensions of the machine mentioned 


on page 222, and those of a rotary converter for the same output. He | 


gave the D?L values as 10,000 and 6,000 respectively, but he did not. 
allow for the fact that his rotary ran at a much higher speed, so that 
the comparison was not fair. 

There is one other point to which I would call attention ; by the- 
Principles of the machine enunciated on page 215, it would appear that 
the power developed by each part of the combination will be identical. 
But this is only true if the speed of the converter be one-half that of 
the generator. In any case, the power to be developed by either half 
changes with the ratio of its speed to that of the other half. 

Mr. G. W. WoRRaLL : The troubles in the case of a continuous- 
current turbo-generator are not entirely at the commutator, but 
between the commutator and the armature. The commutator connec- 
tions are apt to break, and dust also lodges under the armature bars 
behind the commutator. The latter trouble is very difficult to avoid, 
as the dust is hardened by centrifugal force into a compact mass across 
which the current may leak to the shaft and eventually “earth” the 
armature. The conductors and insulation are so packed together that 
usually the only repair possible is a complete rewind, which is a costly 
item. If the speed could be kept below 1,000 revs. per minute such 
troubles would not occur. I do not think Mr. Creedy has made 
himself quite clear at the bottom of page 214 with regard to the value 
of the torque; I hope he will explain this more fully. 


Mr. А. E. McKENZIE : I think we must all agree, from the fairly мг 


numerous examples we have before us, that the high speed continuous- 
current generator with high-speed commutator is possible, and we 
Cannot turn our eyes from the fact. Even supposing, however, that 
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this were not so, my contention is that the high-speed turbine driving 
through single-reduction gear a continuous-current generator is prefer- 
able to the arrangement that has been shown. I have in my mind a 
500-h.p. turbine which has been running for over twelve months almost 
continuously at 7,500 revs. per minute, driving a pump through single- 
reduction gearing at 750 revs. per minute ; if it is the aim of most 
turbine builders to get high speed, then surely a speed of 7,500 revs. 
per minute is sufficient. The gearing after working continuously for 
over twelve months shows really nosign of wear at all; it is exactly the 
same as when put in. This is a case which shows that it is possible to 
get a high-speed gear to-day that is perfectly satisfactory. 

I will state another case. A firm of engineers has offered a friend 
of mine a turbine which will run at 3,500 revs. per minute; it is of 
3,000 h.p., and will drive a 1,800-kw. continuous-current generator 
through a single reduction gear at 1,000 revs. per minute. That is a 
definite proposal which has been put forward to my friend, and I have 
no doubt that it can be made a perfectly satisfactory job. 

Now toconsider the machine the author has put forward. Those of 
us who have been unfortunate enough to deal with large units which 
have been subjected to very heavy short-circuits will not look with 
very great favour upon the mechanical design of the stator. Previous 
speakers have referred to it, and the author himself has commented 
upon its weakness ; I certainly should not like to be the first to install 
a machine of that type. I know from painful experience that thc 
stresses are so great that we should certainly have trouble with tbe 
overhanging stator which the author has illustrated. Of course we all 
must admit that it is worth while to try to reduce the speed of the con- 
tinuous-current generator ; but in view of the successful machines 
available at the present day. I do not think it is absolutely essential. 

Mr. J. FRITH: I know of a geared turbine which drives a rolling 
mill through double helical gearing, the speed being reduced from 
2,000 to 70 revs. per minute. 

Mr. А. G. Cooper: With regard to turbines and gearing, the 
De Laval turbines are all driven at a high speed with reduction gearing, 
and in most cases two dynamos are used, which are driven in opposite 
directions by means of spur wheels that gear with a central pinion on 
the turbine shaft. This equalizes the thrust and makes a very good 
job. The only objection is that they make a terrific noise owing to 
the gearing running at high speeds. They are working in small sizes 
up to 16,000 revs. per minute. I believe that several machines of 
a fairly large size have been built upon this principle. 


DISCUSSION BEFORE THE SCOTTISH LOCAL SECTION ON 
IOTH DECEMBER, 1912. 


Mr. J. A. RoBERTSON : Compared with the turbo-alternator and 
rotary converter Mr. Creedy's machine appears somewhat complicated. 
I should like to know its overall efhciency. I do not agree that the 
direct-current turbo-generator is a mechanical monstrosity. That 
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statement would have been true ten or twelve years ago, but designs 
are different now. I have recently seen a 1,000-kw. machine which 
has been in use for two years and shows practically no more com- 
mutator wear than an ordinary engine-driven generator of the same 
output. The mechanical design of Mr. Creedy’s machine appears to 
present serious difficulties ; and these would be still greater in larger 
sizes, say 2,000 kw. Another point is the use which could be made of 
such a machine if the mechanical difficulties were overcome. The 
tendency is to concentrate plant in large stations and transmit multi- 
phase current at high pressure to sub-stations. Direct current in large 
amounts is rarely required at the generating station, so that there seems 
to be little need for such a machine except in the case of isolated 
plants. The efficiency of rotary sub-station plant is remarkably good, 
and in three sub-stations with an aggregate capacity of 2,500 kw. we 
have obtained over twelve months' working an overall efficiency of 
91 per cent, inclusive of transformer losses. Taking into account the 
necessarily high cost of Mr. Creedy's turbo-converter and the complica- 
tion in design, it is difficult to sce where its advantages would arise 
as compared with a turbo-alternator and a rotary converter. The 
balancing curve on page 227 is certainly very good and better than I 
have been able to obtain by the usual arrangement of connecting thc 
neutral point of a star-wound transformer to the middle wire of a 
continuous-current system. Quite recently I have installed rotary 
converters with series-wound reversible boosters mounted on an 
extension of the rotary shaft, and I must say the system works 
satisfactorily for ordinary variations in voltage ; but there is a difficulty 
in running such a set in parallel with a steam-driven or motor-driven 
balancer. 

Mr. F. A. NEWINGTON : I agree with the author that the high-speed 
commutator is a mechanical monstrosity. Itisan unmechanical mixture 
of mica and other things, and this is a difficulty still not overcome in 
high-speed continuous-current machines. As long as it is necessary to 
work with mica or other compressible material for insulation it seems 
unlikely that we shall be able to get a really rigid construction of com- 
mutators. It is only after actual experience that one could say anything 
definite about the working of the electrical gear described, but I think 
for large sizes it might be more reliable and convenient than mechanical 
gear. I do not see how a machine can be obtained with cut gear 
running at 3,000 or 4,000 revs, per minute which would not wear after 
running for some time ; and if wear did take place it would make such 
a noise that it would be impossible to run the gear. My experience of 
small gears is that they are a continual source of trouble. I disagree 
with Mr. Robertson about there being no need for continuous-current 
plant in large power-supply stations, but it seems that we shall be 
compelled to adopt alternating current simply because of commutator 
troubles. Mr. Creedy's design is ingenious, but I cannot say whether 
the overhanging arrangement would cause trouble. The question 
of cost would also have to be carefully considered. 
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Mr. J. H. BUNTING: I should like to know if this type of machine 
has been constructed of any appreciable size, and also whether any of 
these machines have been put into commercial use. 

Mr. W. L. SPENCE: Nearly every one who has worked at 
mechanical and electrical problems has at one time or another 
considered the spinner idea. From my experience there is little 
likelihood of that type ever being generally adopted. I foresee the 
greatest difficulties with the bearings, and I think that it would be 
almost impossible to ensure both good lubrication and complete oil 
tightness ; the latter, in view of the position inside the windings, is 
absolutely essential. 

Mr. Sam Mavor: The mechanical features of Fig. 4 seem to me 
not so good as the spinner form shown in Fig.6. My firm have been 
in communication with very experienced builders of large marine 
turbines on the Clyde, with special reference to the mechanical features 
involved in the spinner motor, especially of large sizes, and these 
engineers have expressed the view that there is no insuperable diffi- 
culty in the mechanical design of the spinner motor in large sizes. 
They considered that in their turbine practice they had overcome 
difficulties much greater, and so far as the mechanical features were 
concerned they saw no special difficulty in the spinning design. 

Mr. W. McWHIRTER : I have seen a good deal of trouble with high- 
speed commutators, and after considering the efforts which have been 
made during recent years to get over those troubles by means of steel 
rings and mica bushes, etc., there are good reasons for differences 
of opinion as to the operation of high-speed continuous-current 
machines. No doubt a generator of such a design as Mr. Creedy 
suggests would be an important departure ; but the building of it in 
large sizes is a problem which might require exceptional treatment. 

Mr. F. CREEDY (in reply): I do not dispute in the least that the 
high-speed commutator is possible, or that it can be constructed satis- 
factorily. I also agree with Professor Miles Walker in saying that the 
difficulty does not arise directly from the fact that the commutator is 
rotating at a high speed, but from the bad effects that the high speed 
produces indirectly. Admittedly these commutators heat excessivelv, 
or else the excessive expansion and contraction of which Professor 
Walker speaks would not take place ; and the cause of the heating is 
quite clear. If we have two commutators, one running at 3,000 ft. per 
minute and the other гаї 9,000 ft. per minute, each carrying the same 
current, the high-speed one will give rise to exactly three times as 
much friction loss as the low-speed commutator, other things being 
equal. No design whatsoever, radial or otherwise, is of the slightest 
avail to modify this fact. If this is nota point against the high-speed 
commutator, I do not know what is. 

I think Mr. Cramp has already replied to Professor Miles Walker's 
remark about the value of D?L in the two types of machine. It will 
be sufficient for me to say that Professor Walker has taken a machine 
running at 3,000 revs. per minute and compared it with a machine 
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running at only 1,800 revs. per minute ; and he then complains that 
the value of D?L in the latter machine is greater than in the former. 

I think I have been slightly misunderstood as regards the apparatus 
shown in Fig. 2 of my paper. This has no pretension whatever to 
represent a practical design. It is simply intended to show the prin- 
ciple of the method of starting that I prefer, namely, by means of 
some kind of gearing which brings the generator on no load up to its 
normal speed before it is excited or coupled magnetically to the 
turbine. I simply chose belting as the simplest kind of gear: any other 
kind would satisfy me just as well. 

With regard to Mr. Peck's criticisms of the details of my proposed 
design ; some of these may be quite justifiable, others may be more a 
matter for individual opinion. In any case, they would naturally arise 
in the drawing-office stage of an actual design, when they could be 
settled one way or the other, so that I need not defend them at present 
when we are chiefly concerned with fundamental principles. 

It may be useful, however, to explain a little more fully the con- 
struction proposed in Fig. 5 to obviate the use of non-magnetic 
material. In this construction the holes through which the conductors 
pass are bushed by copper tubes, which are short-circuited by means of 
an end ring on the inside and outside of the iron frame; these tubes 
carry a system of currents equal and opposite to those in the active 
conductors. They therefore completely annul the magnetic effect of 
the currents in the latter. 

As regards the losses in these tubes, if we suppose the frame is 2 in. 
thick the additional loss will be equivalent to that produced by adding 
2 in. or a little more, to the length of each of the active conductors ; 
this is on the assumption that the current density in the tube is the 
same as that in the conductor. ‘To obtain room for these tubes, I see 
no diffculty in off-setting the holés so as to put them in two layers 
instead of inone. This, however, is again only a suggestion, and on 
full consideration we might prefer to carry the frame outside the 
conductors altogether, and so avoid the holes. 

Mr. Cramp has given us some details of machines with over-hung 
rotor, which are very welcome. 

As regards the difficulty of accounting for the drop in speed of 
the converter under load, I think this is best explained by remembering 
that a drop in speed of the converter and the attached primary of the 
induction generator means a greater difference in speed between the 
primary and the secondary which is attached to the turbine and which 
is supposed to go at a constant speed. Thus under load the speed of 
the induction-generator primary increases relatively to the secondary, 
though it decreases relatively to a fixed frame. 

Another difficulty which seems to have given trouble is to account 
for the fact that the torque of the turbine is the same as that of the 
induction generator and of the converter, since the turbine transmits 
twice as much power as that dealt with by either of the electrical 
clements. It is enabled to transmit twice as much power with the 
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same torque, of course, because it runs at twice the speed. For 
instance, if T be the torque of the turbine, induction generator, and 
converter, being the same for all three, while the turbine speed is, say, 
3,000 revs. per minute, the relative speed of the two portions of the 
induction generator is 1,500 revs. per minute, which is likewise the 
relative speed of the two elements of the converter. Equate the power 
transmitted by the turbine shaft to the sum of the power converted by 
the induction generator and of the power converted by the converter, 
and we get the equation— 


T x 3000 = T x 1500 + T x 1500, 


an equation which is obviously correct. 

The relative pricesI gave for aluminium and other materials referred 
simply to prices per cubic inch. 

I am glad that Mr. Mackenzie has raised the question as to what 
happens during short-circuiting, as it enables me to mention a point 
which I might otherwise have forgotten. The induction generator has 
a definite over-load capacity, and cannot transmit more than a certain 
maximum torque without falling out of step and coming to rest, where- 
upon the whole machine ceases to generate current while the turbine 
goes on running on no-load. This maximum torque can be adjusted by 
the designer to have any desired value, say, 24 times full load, in which 
case the machine cannot under any circumstances whatever be subjected 
to more than this load. From this point of view the induction gene- 
rator is equivalent to a slipping clutch, such as is sometimes used as a 
safety device. Sudden short-circuits, such as do so much damage in 
alternating-current generators, are not to be feared in continuous- 
current apparatus, as the self-induction of the latter can be made high 
enough absolutely to prevent such occurrences, since self-induction is 
quite harmless in continuous-current circuits. 

I should like to know what happens to a geared turbine on a short- 
circuit, sudden or otherwise ; nothing less than stripping of the pinion, 
I should imagine. 

The consensus of opinion at the Manchester meeting, with the 
exception of Professor Miles Walker, seems to be in favour of some 
change from the present type of continuous-current turbo-generator. 
Some speakers, for example, Mr. Peck, favour the alternating-current 
generator and a rotary converter ; others a geared turbine ; while I have 
endeavoured to bring forward a third proposal, which is a form of 
electrical gearing. Which of these forms will be adopted depends on 
many factors. I have shown the advantages of electrical gearing over 
mechanical gearing, both in enabling us to reduce the size of the 
generator and in providing a slipping clutch and other safeguards 
which a mechanical gear cannot supply. For this reason, and because 
of the low speed of the commutator, I feel entitled to claim that this 
device is more reliable—and not less reliable—than the others which 


may be proposed. 
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I here propose to give a brief comparison between my device and 
helical gearing :— 


Helical Gear. Turbo-converler. 
Efficiency, 95 per cent. Efficiency, 92 per cent. 
Capacity of generator equal to Capacity of converter, say 60 per 
capacity of turbine, less losses. cent or 70 per cent that of 
turbine. 
Losses in generator, say 8 percent Losses in converter, say 5 per 
capacity of turbine. cent or 6 per cent of turbine, 


on account of reduced power 

handled by converter. 
Effect of short-circuit is to strip Automatic protection against short- 
pinion. circuits by slipping clutch action. 


To explain the above statements a little more fully, I may say that 
the efficiency of the gearing is a little higher than that of the induction 
generator ; but this is compensated for by the reduced losses in the 
continuous-current portion of the apparatus. In addition to this we 
have the safeguards mentioned above against trouble on short-circuit ; 
safeguards which do not exist with the gearing. 

As regards cost, I think it very doubtful whether the gearing in 
large sizes, judging by such examples as I have seen of the Melville- 
Macalpine gear, would not come out considerably more costly than 
the induction generator portion of the present device ; while, of course, 
there is in addition a net saving on the continuous-current generator. 

Itis a mistake to think of these gears as merely a pair of standard 
spur gears, such as are used on tramway motors ; they are enormously 
more elaborate than anything of this kind. 

One of the chief advantages of the set over an alternating-current 
generator and rotary converter is the fact that the sum of the outputs 
of the two parts is the output of the set, while in the rotary converter 
and alternating-current generator each element must have the full 
capacity of the set. 

The arguments brought by several speakers against the use of this 
device apply to every kind of continuous-current machine. It must be 
admitted that if continuous-current apparatus could be done away with, 
it would be very desirable. But until this takes place the justification 
for this type of machine is just as great as that for any other type of 
continuous-current machine. 

I am interested to hear from Mr. Mavor that turbine builders con- 
sider there would be no insurmountable difficulties in carrying out the 
"Spinner" idea. This, perhaps, lends point to the statement at the 
beginning of my paper that electrical engineers are a little too con- 
servative in mechanical matters, and consider certain devices to be 
impossible, although such devices seem quite simple to engineers 
Whose whole attention is given to mechanical matters. 


Mr. Creedy 
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Except in certain isolated cases where special mains have been laid 
for the purpose of connecting or disconnecting remote portions of the 
distributing network, the problem of the control of distant apparatus 
from a central point on an electric light or power system is one that 
has been neglected to a singular degree, or possibly it would be more 
correct to say that it has, after merely superficial examination, been 
dismissed as impracticable. 

Careful search shows that attempts at its solution have been made 
along three main lines :— 


(a) By reversing the polarity of the mains when required. 

(b) By running separate mains or pilot wires back to the station. 

(с) By earthing one pole at the station and at the distant 
apparatus, and operating the ане by means of currents 
through the earth. 


None of these attempts, however, have led to a satisfactory 
solution. 

If, in the first case, the object of the distant control is to alter 
the registration of a meter, it is not exactly a practicable proposition 
to reverse the polarity of the system at different periods to make 
the meter register at different rates, having regard to the fact that it is 
not unusual to find arc lamps and storage batteries connected to the 
circuit. 

The second proposal is to lay separate wires from the station to pick 
up every point where it is required to control a switch or relay for the 
thousand and one purposes for which they would be useful, but it is 
not practicable in the case of existing stations to break up roads every- 
where for the sake of putting in additional wires, besides which there 
are other objections too numerous to mention here. 

The third proposal is to use one of the existing light or power leads 
as the lead for the current to operate an ordinary relay or switch and 
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the earth as the return. This system, which is much more practical 
from the point of view of expense, does not at first sight appear to be 
very feasible in everyday work when one considers the ever-varying 
conditions that obtain as regards earthing. 

Perhaps at present the best-known substitute for distant control is 
the local clock-work switch which can be set to switch the current on 
and off, or make any other change at any predetermined time. 

A large number of different patterns have been put on the market 
and are in extensive use. The principal disadvantages are: high 
capital cost, cost of upkeep, the necessity for continually adjusting 
them to suit the varving hours of darkness, and the trouble in winding 
and setting them. 

In addition, they have no powers of discrimination, and cannot, for 
instance, switch on public lamps in the case of a sudden fog. 

Be the reason what it may, the fact remains that for public lamps, 
for instance, failing a separate system of mains, it is still in most cases 
necessary to send a man round to switch on each lamp individually, with 
the result that the first one has to be switched on long before it is really 
wanted, because of the time—sometimes two hours or more—taken by 
the lamplighter to get round his district. 

The same delay occurs in switching off, with the result that a large 
number of units, which may amount to то per cent of the whole, are 
used unnecessarily and the life of the lamps is shortened. 

The growing use of electricity for street lighting, and for various 
domestic purposes apart from lighting, has made it more than ever 
desirable to find some inexpensive method of operating switches or 
relays to control at will any particular arc or incandescent lamp, meter, 
motor, or the like, without in any way affecting the remaining apparatus 
connected to the mains. 

It occurred to the authors that it would be possible, either on an 
alternating-current or direct-current system, to effect this by altering 
the constitution or wave-form of the main supply current when desired, 
leaving the mains and the system of distribution untouched. 

In the case of either a direct- or alternating-current supply, one can 
superpose on the circuit a small high-frequency alternating current 
without affecting the lamps, motors, or other apparatus connected to 
the circuit, provided that the voltage and frequency of the superposed 
current be properlv selected. 

The underlying principle is to control relays, which may be inserted 
anywhere on the general system of mains, by means of a superposed 
current impressed on the main current flowing in the system. If the 
main current be continuous, then the control current may be alternat- 
ing of any desired frequency. If the main current be alternating then 
the impressed current must be of a different frequency, the relay in 
either case being so designed that while it instantly responds to the 
impressed current it is unaffected by anv alteration of the main current 
от pressure. 

In the case of an alternating-current system one may superpose a 
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direct current, that is, move the zero line of the wave-form a little away 
from the symmetrical position. We do not propose to consider this 
alternative in the present communication owing to certain difficulties in 
its practical application. 

It is obvious that if the main generators of a supply system 
give direct current at a pressure of 200 volts, the addition—in series 
with them—of an alternating-current generator producing a pressure 
of то volts, will not, provided the periodicity be above, say, 25, 
appreciably affect the lamps on the mains, the voltage at the lamps 
simply oscillating a little on cither side of 200. 

In the same way, if on an alternating-current circuit at 200 volts 
and 50 cycles there be superposed a voltage of ro at a periodicity of 
200, the lamps are practically unaffected. 

As long as the feeder busbar voltage * is kept constant, the amount 
of power supplied to consumers is practically unaffected by the ripple. 
The output of the main generators is simply reduced by an amount 
equivalent to the power produced by the “ ripple generator." 


200- 


„ОТ Seconds 
FIG. І. BUD 


Fig. 1 shows the effect of superposing an alternating current of 
IO volts at;200 frequency on a 200-volt direct supply, and Fig. 2 the 
wave-form obtained when the same alternating current is superposed 
on a 200-volt 50-frequency supply. 

The problem was to design a satisfactory relay, cheap to manufac- 
ture and economical in operation, which would be unaffected by changes 
in the main current but would respond instantly to the superposed 
current. 

In direct-current systems the solution is simple. In Fig. 3 let L 
represent the relay connected as a shunt across the mains and in 
parallel with the lamps and with the meter to be controlled. If a con- 
denser, K, be placed in series with the relay, it is obvious that as long 
as there is only a continuous voltage on the mains A, B, no current 
passes through the relay. As soon, however, as an alternating voltage 
is impressed on the mains a current passes through the relay and 

* It is assumed that the voltage is measured by a voltmeter or the dynamometer 


or similar type whose indication depends on the mean squared value of the voltage, 
and that the ripple voltage is small compared with the main voltage. 


THE CONTROL OF METERS, ETC. 248 


causes it to actuate the particular mechanism required, such as the 
switch S. 

When the main supply is alternating, the problem is not so simple, 
insmuch as the condenser will allow a current to pass through the 


Time in seconds 
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relay from the main 200-volt 50-cycle supply as well as from the small 
superposed ripple. 
The relay must in this case be made “selective,” so that it will 


FIG 3. 


operate only when a current of the selected frequency is impressed on 
the line, Such a selective relay is also to be preferred for a direct- 
curent supply, as it enables several relays adjusted for different 
frequencies to be employed, any one of which can be brought into 
action as required. 
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In order to achieve this result, we take advantage of the principle of 
resonance, and so choose the self-induction of the relay L, and the 
capacity of the condenser K, that at the frequency F', at which the 
relay is intended to operate, they are in resonance, whilst at the normal 
frequency F they are not. That is to say, neglecting resistance, the 
following relation is established :— 


LxEx(mFyc-r. 


When this relation holds, the potential differences between the 
terminals of the relay and of the condenser are much greater than 
the applied potential difference, and consequently the current passing 
through both the relay and thè condenser is much greater than that 
due to the applied voltage. The two potential differences are out 
of phase with each other, and their vector sum is equal to the applied 
voltage. In practice we find the potential difference between the 
terminals of the relay coil at the resonance frequency to be some ten 
times the applied potential difference. 

The selection of the correct frequency for which the relays are to 
be constructed is a somewhat difficult matter. A high frequency 
would be convenient from the point of view of keeping the capacity of 
the condenser K small, and hence reducing its cost, but capacity and 
self-induction of the mains, feeders, etc., in a distribution system pre- 
clude the use of very high frequencies. The lower frequencies, on the 
other hand, are liable to come too close to the working frequency of 
the supply and lead to further difficulties. In considering the choice 
of the frequency it is well also to avoid odd multiples of the supply 
frequency, as there is a chance of these frequencies being present in 
the wave-form of the main generators as harmonics. 

These considerations have so far led us to adopt, on alternating 
circuits, frequencies comprised between the third and fifth harmonic 
of the supply. ө 

It is possible to make the resonance very sharp by keeping 
down the losses in the condenser and in the relay to very small 
values. Smali losses in the condenser present very little difficulty at 
the present day, as good paper condensers are quite cheap. The losses 
in the relay L are more difficult to keep small without spending an 
undue amount of money on the copper of the coil. ‘There is, further, 
another reason which tends to discourage the use of very sharp reso- 
nance, namely, that if the resonance be very sharp then a very small 
change in the frequency of the superposed alternating current will 
cause the relay to fail. 

We have already mentioned that the superposed alternating current 
or ripple is small compared with the supply voltage. From many points 
of view itis advisable to keep this ripple small. Experiments have led 
us to conclude that a satisfactory value for the R.M.S. value of the 
superposed voltage is 5 per cent of the supply voltage whether 
direct or alternating. That is to say, оп a roo-volt circuit, direct or 
alternating, the R.M.S. voltage of the ripple is to be 5. The simple 
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resonance circuit described above works perfectly in the case of a 
direct-current supply, and has many advantages over the non-resonant 
relay; but in the case of an alternating-current supply we find that 
unless the resonance be made unduly sharp, or there be a large 
difference between the frequencies, the condenser K and relay L 
will let through sufficient current at the lower or supply frequency to 
attract the armature of the relay. For instance, with a supply circuit 
of 100 volts so frequency it seems impracticable to build commercially 
a plain resonance relay to work with 5 volts superposed. 

To get over this difficulty we add an additional or compensating 
circuit te the relay, as illustrated in Fig. 4. L, as before, is the relay 
coil, the armature and core being omitted for the sake of clearness. On 
top of this coil is wound a second coil, L,, which may have, roughly, the 
same number of turns ; and this coil is connected in series with a chok- 
ing coil, L, having a high self-induction. The current through the 
condenser K and relay coil due to the supply frequency, say 50, leads 


A 


FIG. 4. 


almost 00° on the applied potential difference. The current through 
the choking coil L, and compensating windings L, is made to lag about 
90°. If these two currents be adjusted to approximate equality their 
action on the core of the relay can be made very small. It cannot be 
completely eliminated, because the two currents are not exactly at 180° 
to one another ; but it is sufficient for practical purposes. By making 
the choking coil L, with an adjustable air-gap in its magnetic circuit it 
is very easy to adjust the compensation. 

A compensated resonance relay of this sort will work with certainty 
at 5 volts at 200 frequency and will take no notice of roo volts at 5o 
frequency. 

In order to test the completeness of the compensation the supply 
voltage was gradually increased, keeping the frequency constant at 50, 
When the armature was found to become unstable at about 240 volts. 
This relay would therefore operate when it should not if the voltage of 
Supply were allowed to rise from 100 to somewhat over 200 volts. As 
itis not probable that any supply station would allow its voltage to 
tise тоо per cent above the normal, there is no fear of failure from this 
Cause, 
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On the other hand, the force acting on the armature of the relay 
varies approximately as the square of the superposed voltage, so that if 
instead of superposing 5 volts a smaller value were superposed, the 
relay might fail to attract its armature. In the relays so far constructed 
this failure takes place when the superposed voltage is reduced to about 
3'5 volts. 

If the superposed voltage be maintained at its normal value of 
5 volts a-variation of some 5 per cent can be made either way in 
the frequency before the relay fails to act. 

For the purpose of calculation we may consider the two currents— 
the one produced by the supply voltage and the other by the ripple 
—as acting independently, and it may be of interest to give the data of 
the above-mentioned relays for the two frequencies. | 

The relays are adjusted for use on a 100-volt 50-frequency supply. 
The capacity of the condenser K, Fig. 4, is 2 mfd. and the self-induction of 
the relay winding L, оз henry. The compensating winding L, is wound 
closely on top of L, and has approximately the same number of turns. 
The choke coil L, is adjusted until the force acting on the armature 
produced by the 50-frequency current is a minimum. Under these 
conditions there flow through K and L, and also through L, and L,, two 
currents, each approximately 0°06 ampere, and having a phase differ- 
ence of somewhat less than 180°. The current taken from the mains 
is the vector sum of these two currents and only amounts to 0:02 
ampere. The true power taken at 5o frequency and roo volts is 
o7 watt. 

Consider next the data at 200 frequency and 5 volts. The currents 
through the two circuits are no longer equal; that through K and L 
being o'15 ampere and that through L, and L, o'or ampere. The 
current through the relay winding is nearly in phase with the applied 
potential difference between the mains, whilst the current through the 
compensating winding L, lags about до. Hence the ampere-turns 
on the two windings of the relay are nowhere nearly equal, and conse- 
quently there is a force acting on the armature. The actual power 
taken at 200 frequency and 5 volts is about о'7 watt. 

The above figures are given as an example. It is of course quite 
easy to modify them by slight alterations in the windings of the coil. 

It must be realized that the two windings on the relay coil are both 
arranged so that the current would flow round the core in the same 
direction if a continuous current could be passed through the two 
circuits as connected up, that is to say, if the condenser were short- 
circuited. This means that the two windings can really be converted 
into one, and the arrangement illustrated in Fig. 5 can be used. 

The arrangement in Fig. 5, although electrically identical with tbat 
in Fig. 4, may be looked upon as functioning in a different way. Due 
to the pressure of supply a certain current flows at the lower fre- 
quency through the condenser K. We may supply the greater part 
of this current without taking it from the mains by placing a choking 
coil in parallel, and adjusting the choke coil so that its self-induction 
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and the capacity of the condenser are practically in resonance for the 
supply frequency.* 

Inthis case the only current taken from the supply mains is the 
small current to supply the losses, and this small current is the only 
current, due to the supply frequency, which flows through the relay 
colL. At the high frequency of the superposed current, K and L, 
are no longer in resonance, and consequently a considerable current 
will flow through K and L, which may be further enhanced by making 
K and L also in resonance. 

In order to superpose the ripple on the supply, whether direct- 
current or alternating, the simplest way is to put a small high-fre- 
quency alternator in series with the main generators. Where high 
voltages are employed, and also in the case of direct-current supply, 
the Secondary of a transformer can be placed in series with the main 
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generators and the primary be connected to the high-frequency 
alternator, 

Several relays adjusted for different frequencies can be connected 
to the same supply and be brought into action by varying the speed 
of the high-frequency alternator. 

It is evident that such a relay gives us at once a control over the 
whole of the distributing system which we have never possessed 
before; and many ways in which it can be of the greatest assistance 
will readily occur to station engineers and those responsible for the 
“lay-out” of electric supply systems. 

By inserting a relay in the bases of the lamp-posts, street lighting 
can be switched on or off from the station either as a whole or in 
sections as may be desired. 

Arc lamps or high-power lamps can be switched off at any desired 
time and smaller lamps substituted for them. 

Transformers in sub-stations can be cut in and out exactly as 
required. Effective control can be maintained over the main switch 


' The two ways of looking at the matter which we have given above аге not 
strictly accurate, as there are slight reactions between the compensating circuit and 
the other circuit which can be, however, easily allowed for in practice. 
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on the premises of consumers who are taking current at special rates 
during restricted hours. 

In return for a small payment shopkeepers can have lights burning 
for window display or for advertising purposes till any agreed hour, 
when they can be switched off from the station by means of a relay 
fixed on the premises. 

In many residential districts public clocks are either absent or so 
unreliable that a ready means of setting the domestic clocks would be 
very desirable ; and there are a number of people who would be very 
willing to pay a small sum per annum to have installed on their pre- 
mises a relay which would be actuated from the station, and give an 
audible signal daily at, say, 8 a.m. Greenwich mean time. 

The compensated resonance relay should be of considerable assist- 
ance in electric track signalling. As is known, the track rails of 
an electric railway often carry both the return of the main driving 
current, either alternating or direct, and also the small track signalling 
current, and there is a danger of the track signals being operated by 
stray currents from the main operating current. The resonance relay 
would be absolutely unaffected by any current except one of the 
periodicity of the signalling current. 

The increasing use of electricity for various domestic purposes 
other than lighting has increased the need for some simple system of 
charging. The two-rate, or, better still, the varying-rate system of 
charging has much to recommend it, perhaps the principal advantage 
being that it is based on a principle that all consumers understand. 

Everybody can understand selling current at one price when the 
station is busy, 7.е. at peak load, and at a much lower price at slack 
times, when otherwise some of the plant would be more or less idle. 
It does not matter in the least to the station for what purpose the 
current is used. At present, with the majority of stations the peak load 
corresponds to the time of maximum lighting load, but in the course of 
time, as electricity is used more and more for domestic and other pur- 
poses, this will be less and less the case. This will emphasize the 
absurdity of selling current at one price for lighting and at another 
price for heating or power. The consumer has in most cases already 
formed this opinion, owing to the complication inseparable from 
having two different meters and two different svstems of wiring for 
lighting and power purposes. 

In some alternating-current stations in residential districts the two- 
rate system has been introduced as an alternative to a flat rate, and by 
far the greater number of consumers have elected to take the two-rate 
system despite the increased meter rental entailed by the necessity of 
having two separate meters and a clock switch. 

In such districts where the plant is always running, one can obvi- 
ously afford to sell current at a low rate off the hours of peak load, and 
it is evident that the ability to use lights during the day and after peak 
load at night at a low rate per unit is greatly appreciated both by the 
buyer and seller. The consumers are no longer so sparing of light 
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in passages and bedrooms, shopkeepers turn it on in the afternoon if 
it is at all dark, and many keep it on all day where they find it improves 
the appearance of their goods. 

The chief advantage, however, is in regard to other domestic uses of 
electricity. If consumers are advised to have all plugs wired with not 
less than 7/20 S.W.G., the system makes it possible to attach to any plug 
not merely a portable lamp but any other piece of apparatus desired. 
From time to time the station can offer on loan various useful electric 
appliances which can immediately be put to work wherever current is 
available. No fresh wiring has to be put in, no special maximum 
demands or rates arranged with the station, and a profitable load can 
be quickly built up with the minimum of inconvenience and trouble to 
all concerned. 

It will be seen that the “ two-rate system” presents many advantages, 
but the necessity for constantly altering the setting of the clocks and 
the winding and keeping them in order is a serious drawback, and 
undoubtedly deters many engineers from adopting the system, 
especially when ordinary meters are in use. 

Where two-rate meters are already installed, a simple relay as 
described above (to which the name of * Handyell" has been given) 
can take the place of the clock switch, thus effecting a considerable 
saving in first cost and in cost of upkeep. It has, moreover, the 
advantage that the time of operation can, if desired, be adjusted each 
day to suit the variation in the time of peak load. 

This dispenses with the clock, but it would be a further great 
advantage if the special two-rate or double meters could be also 
eliminated, and a method devised applicable to any existing system 
of mains and meters. 

The essence of the two-rate system of charging is that the rate 
for current is, say, 7d. or 6d. per unit, but that during certain times of 
the day one is willing to sell current at a much lower rate. As а 
matter of fact one might just as well say to a consumer, “ Our price 
per unit irrespective of the time of day is 7d. per unit; but at times 
other than of peak load we are prepared to let a considerable propor- 
tion of the units pass through the meter without being registered." 

If half of the units at such times were not registered it would be 
equivalent to a charge of 34d. per unit consumed; if three-quarters - 
were not registered, 1jd., and so on, depending on the proportion 
which the units registered bore to those not registered. 

The above system can easily be put into effect: A relay is inserted 
alongside an ordinary meter, or in some cases is combined with the 
meter, which either breaks the shunt circuit, if a watt-hour meter, or 
short-circuits the meter entirely, if an ampere-hour meter, whenever a 
superimposed current of a particular frequency is sent over the system. 

In this case the high-frequency alternator which produces the ripple 
is kept running continuously except during the hours of peak load, 
when all units are charged for, its field circuit being made and broken 
periodically by means of an automatic mechanism described below, 
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Such a method of charging is exceedingly simple and has the 
advantage that it complies in all respects with Section 19 of the 
Electric Lighting Act of 1882, in that every one gets his supply on 
exactly the same terms. 

It is not, of course, necessary that there should only be two rates 
of charge—one on peak load and one off. The charge can be gradu- 
ated if desired in any manner by varying the number of seconds 
during which the meter is in and out of operation. 

It may be objected that the consumer has no record of the exact 
number of units he has used. The reply to this is that an inspection 
of the meter will show him at any moment whether it is registering or 
not, and if that does not satisfy him he can for a small payment (not 
as much as is charged now for a two-rate meter) have a second meter 
on his premises which is not affected by the relay and will thus 
register the total number of units consumed. 

After all, what the average: consumer wants to know is what is the 
total of his bill. If this is satisfactory he does not much mind how 
it is made up. 

It may be of interest to describe a station equipment for an alter- 
nating-current generating station having a maximum winter peak load of 
500 kw., and 2,000 volts primary, 100 volts secondary pressure ; and we 
shall assume that such a station, if fully equipped with the resonance 
relay .system, would have about r,ooo relays installed. The actual 
power required to operate the relays would therefore be approximately 
1000 X 0'7 май = 07 kw. It must be remembered that the con- 
sumers' lamps, motors, etc., are also in parallel with the relays, and are 
therefore taking power out of the superposed ripple ; but as the output 
of the main generators is reduced by a corresponding amount this 
power is not a loss. | 

Where the system of periodically breaking the shunt circuit is 
adopted, the relays will not require to be actuated during the peak 
load, as this is the time when electrical energy will be charged for 
at the top rate, and we think it a fair assumption that electricity will 
not be sold at a low rate when the load on the station exceeds, say, 
30 or 40 per cent of the winter peak. In order to allow ample margin 
we will take the figure at 50 per cent, which means that the relays 
will be operating when a load of 250 kw. is connected to the above 
station. 

If this load were entirely non-inductive it would correspond to a 
current of 2,500 amperes at 1oo volts, so that the equivalent resistance 
of the load might be looked upon as being 455 = o'o4ohm. Five 
volts are required to work the relays. To allow a margin for drop in 
the mains, etc., we should allow 7 volts (which corresponds to 140 
on the primary at the generating station). Seven volts across a 
resistance of о'о4 ohm would take 174 amperes. This corresponds to 
1'23 kw., which, with the 0'7 kw. taken by the relays, makes the total 
power of the superposed ripple just under 2 kw. This, however, is not 
the size of the generating plant which must be installed. The alternator 
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to superpose the ripple can either be connected directly in series in one 
of the mains on the earthed side, or it can be connected to one of the 
mains through a transformer. Taking the first case, the full current of 
the generating station, i.e. 125 amperes at 2,000 volts, passes through 
the small alternator, that is to say, in our present example the alternator 
must be able to carry 125 amperes and produce an alternating voltage of 
140, hence its kilovolt-ampere rating must be 17°5 k.v.a. ; but of course 
the power required to drive it will only be 2 kw., plus the losses. 

The arrangement we have so far adopted is to drive the alternator 
by means of a motor. In the case of the alternating-current supply we 
find it convenient to use a synchronous motor, as in this case as long as 
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the frequency of the main generators is kept adjusted the frequency 
of the superposed ripple is also correct. 

Let us assume that it is required that the maximum price shall be 
7d. a unit during the peak-load hours, and that during the rest of the 
day the price is to be 1d. per unit. This means that the meters must 
be in operation for one minute during each seven ; in other words, the 
relay must be energized during six minutes and the ripple removed for 
one minute out of each seven. To do this we attach, to the shaft of the 
alternator, cams driven through reduction gearing, so that the cams 
make one revolution in seven minutes. The cams are adjustable, and 
are so arranged that by means of levers they switch on the field circuit 
during six minutes and interrupt it for one minute, thus giving the 
desired effect on the meters. 

The complete connections are shown in Fig. 6. In this diagram 
б, б, are the main generators and Н the high-frequency alternator to 
supply the ripple, the whole of the main current passing through H 
When in use, 


252 DUDDELL, DYKES, AND HANDCOCK: 


During the peak load the high-frequency alternator can be shut 
down and short-circuited by the switch T. Ina high-pressure supply 
a very short spark-gap, g, is placed in parallel with the small alter- 
nator to prevent an interruption of the main current in case of an 
accident to the small alternator. The field of H is shunted by a 
resistance, 7, to prevent any risk of its failure due to the constant 
switching on and off. In the diagram E represents the station exciter 
and R the regulating resistance. 

The two cams which actuate the levers are mounted on the same 
shaft and rotate together. When the lever L, falls down the step in 
the cam it closes the field circuit. The field circuit remains closed 
until the lever L, falls on the second cam. While the circuit is open 
the two levers travel together up the slopes of the cams, and the 
operation repeats itself. This method of using one cam to make 
the circuit, and the second to break it, enables a very definite make and 
break to be obtained, and also the length of the make to be adjusted. 
In the actual machine the two cams are combined into one, the 
principle remaining the same. 

It may be thought that the relays which are always connected 
across the mains would, in an alternating-current supply system, con- 
sume a considerable amount of power. Taking the above case we 
have seen (page 246) that the consumption is 0'7 watt per relay, so that 
the 1,000 relays connected will take approximately 700 watts at со fre- 
quency. There has to be set against this, however, the fact that when 
in use the meter shunts are disconnected for a certain number of hours 
a day. For instance, in the system described above they are discon- 
nected six-sevenths of the time the relays are in action. If we assume 
that current is supplied cheaply for 20 hours out of the 24, this means 
that for 3 x 22 = 415 of the day there are no meter shunt losses. If 
the shunt losses of the meter are 14 watts, which is a fairly average value, 
then the 1,000 meters operated by the relays would ordinarily take 1,500 
watts, and this loss is saved for five-sevenths of the day. Considering a 
complete day of 24 hours, the meter shunt losses would be 36 kw.-hours. 
With the relays installed, the meter losses will be reduced to 10:3 kw.- 
hours, but there must be added to this the 17 kw.-hours taken by the 
relays, making a total of 27:3 kw.-hours, as against 36 kw.-hours fer diem 
for the meters alone, a slight economy in favour of the relay system. 

In direct-current systems the comparison is more favourable to the 
relays, as they consume practically no energy when a steady difference 
of potential is applied to them. In the above comparisons the power 
taken at the 200 frequency by the relays is not included ; it amounts, 
as shown on page 246, to about 0'7 watt per relay whilst the ripple is on. 

When the relays are only required to operate at infrequent intervals, 
such as for switching on and off public lamps, the power consumed by 
them can obviously be considerably increased without increasing the 
size of the high-frequency generator, which has then only to work for 
a few seconds at a time. | 

For ordinary incandescent street lighting a relay is fixed in the base 
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of the lamp-post, operating a switch by a step-by-step movement. 
On switching on the high-frequency current the armature of the 
relay is attracted and then released, causing the switch to be released ; 
when next the current is switched on, the armature is again attracted 
and released, causing the switch to open. 

In the case of the larger switches for motors, transformers, etc., the 
relay closes or opens the circuit of a local solenoid operated direct off 
the mains, 

| Ап attempt has been made to indicate some of the ways in which a 
distance-controlled relay can be constructed and be usefully employed, 
and the authors venture to hope that its advent will open up a new field 


and give the supply engineer one more tool with which to attack the 
many problems that lie before him in the future. 
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The investigation described here has been made with a view 
to defining physical tests which will differentiate highest grade ebonite 
from those kinds which are made from the poorer qualities of rubber, 
or which are adulterated with the various “pigments ” commonly used 
in practice. It is known to be well-nigh impossible to predict with 
certainty from a chemical analysis what quality of rubber has been 
used in the manufacture of this material. Nevertheless, when ebonite 
is required to withstand a high electric stress it is of real advantage to 
have material which is manufactured from pure Para rubber and 
sulphur only ; for an examination of the results given here will show that 
no other ebonite equals this in its electric strength. 

One of the first difficulties met with is the exceedingly high electric 
strength of the material. Most ebonite sold in sheet form has a 
strength of approximately 80,000 volts per millimetre. The ordinary pur- 
chaser of ebonite is not in a position to carry out tests of this nature, 
and although breakdown is the only entirely satisfactory one, the 
authors find that other tests of a simple nature can be applied, which 
will at once show up materials containing certain classes of 
adulterants. 

The following are perhaps the principal properties sought for in 
ebonite used for electrical purposes :— 


1. Immunity from the action of light in deteriorating the surface 
of the material, resulting in bad surface insulation. 

2. High electric strength. 

3. Mechanical toughness and the absence of any tendency to 
yield under pressure or at temperatures above that of the air. 


I. Action of Light.—Unfortunately, as regards the first of these, the 
authors have not tound, among the samples tested, any ebonite which 


* Tests made at the request of the Admiralty for the purpose of drawing up a 
specification for ebonite used in the Navy. 


TESTING OF EBONITE FOR ELECTRICAL PURPOSES. 255 


can be said to be superior to the others from the point of view of surface 
deterioration, and they have no suggestion to make on the point as to 
how this trouble can be obviated in the manufacture of ebonite. 

Specimens of ebonite of all the kinds, pure and adulterated, dealt 
with in this paper have been under observation for upwards of threc 
years, but no one type can be said to be appreciably better than 
another in this respect. For the purposes of these observations, three 
discs, 4 in. diameter, were taken from each type of ebonite. One was 
left with the surface in the condition in which it left the factory, a second 
had the surface removed with a sharp tool and was then left untouched, 
and the third had the surface removed and was repolished. All these 
samples were laid out in a case with a glass window, and were exposed 
to the ordinary north light of the Electrotechnics building of the 
National Physical Laboratory.* They have had no direct sunlight on 
them. After a few months the characteristic formation appeared on 
them all in the form of small globules of acid. These were most 
noticeable when the humidity condition of the air approached satura- 
tion. Considerable discoloration also took place, which was greatly 
intensified in some of the samples after washing them with soap and 
water. The surfaces were thoroughly cleaned from time to time with 
soap and water in the hope that eventually all the sulphur in tne surface 
layers of the material to which this effect is ascribed would be used up ; 
and that, although perhaps discoloured, the ebonite would become aged 
and be free from the defect which spoils its surface insulation. Up to 
the present, however, there are no signs of betterment, and where the 
illumination is strong the only plan seems to be to protect the material 
altogether from light, or at least from the more actinic rays. 

The tests specified as the result of the investigation are :— 


(i) Electric strength. 
(ii) Yield. 
(iii) Specific gravity. 


It must be pointed out that the test for specific gravity is chiefly of 
importance in helping to prove the quality of the material, as it serves 
to eliminate many amorphous ingredients which the yield test will not 
detect. 

When high electric strength is not a matter of vital importance (ii) 
and (iii) will give a good deal of information on the question of quality, 
although test (i) is the only final one to prove if the material is of the 
highest grade. The application‘of test No. (i) is of vital importance, 
however, when the highest electric strength is required ; and when Para 
rubber has been specified in manufacture, it is the only test to prove 
conclusively that it has been used. 

À further factor should be noted at the outset. From the point of 
view of electric strength ebonite must not be regarded in all cases as a 
homogeneous substance. Sheet ebonite, for instance, is built up of 
a number of thin sheets calendered together when in the condition 
of dough. Although the process of curing follows this and the junction 
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of these sheets cannot be detected in any way, the fusion being 
apparently complete, nevertheless the electric strength in the direction 
of the planes of the sheets may be less than that through the sheet 
from surface to surface. The same phenomenon is observable with 
the larger diameter rod ebonite. This is made by rolling sheets of 
ebonite dough into cylinders, compressing and curing afterwards. No 
sign of formation can be detected when the material is ‘examined in 
section, but the electric strength of rod made in this way is relatively 
low when tested along the axis. On the other hand, if an attempt is 
made to squirt ebonite rod, say of 2 in. diameter, the centre of the rod 


FIG. 1.—Arrangement of Specimen for Breakdown Test. 


is generally to some extent spongy, and has in consequence a low 
electric strength. 


PRELIMINARY EXPERIMENTS. 


Preliminary tests were first made on one or two samples in order 
to establish a basis on which the more elaborate investigation should 
be conducted. It is desirable, whenever possible, to obtain a truc 
measure of the electric strength of an insulating substance, rather than 
to introduce arbitrary factors which make the value of its electric 
strength depend on the shape of the electrodes or other features in the 
test conditions. Experiments were therefore made with a view to 
obtaining an even voltage gradient in the portion of the material 
which is tested for breakdown. Flat electrodes, even with well- 
rounded edges, placed on opposite sides of a sheet will not answer 
the purpose, since the material in the neighbourhood of the edges must 
always be subject to a greater stress than that which is near the centre. 
To meet the latter difficulty means were devised for machining the 
ebonite so as partially to embed in it metal spheres of 2 in. diameter. 
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The spherical recesses were made on opposite sides of the sheet 
to be tested, so that the spheres, when in position, were separated 
atone point by about o’5 mm. (see Fig. т). 

When high voltage is put across spheres of this size, separated by 
a relatively small distance, the voltage gradient in the medium between 
them is sufficiently even * for the electric strength to be calculated as 
the voltage per millimetre of distance between the spheres. A method 
of machining the samples was eventually found which subjected the 
material to a minimum of mechanical stress, and left a good surface on 
the ebonite. All breakdown tests were therefore made under these 
conditions, which ensures strict comparability of the results. 

The difficulty of testing the electric strength of ebonite is enhanced 
by the very high pressures which are necessary to puncture small 
thicknesses—the electric strength of the better qualities being over 
100,000 volts per millimetre. Pressures of this order will spark over 
very large surfaces, and it would be necessary if the tests be made 
inair to use a sheet of several square feet area for a single puncture. 


Fic. 2.—Arrangement of Specimen for Yield Test. 


On the score of expense this would be out of the question, and some 
other medium had to be tried in which to make the breakdown tests. 

It was found that specimens as small as 4in. diameter could be 
tested for breakdown by immersing them completely in oil. Tests 
were made to determine whether the thin film of oil between the 
electrodes and the ebonite had any effect on the value of the break- 
down voltage found in this way. Punctures were made on large sheets 
of ebonite in air and on small specimens cut from the same sheets 
under oil. No difference could be detected in the figures obtained 
in the two media—a result which would be expected from a comparison 
of the relative electric strength of oil and ebonite. 

As regards the yield test, a convenient arrangement was secured 
by using a strip of the material, 25 mm. wide and about 10 mm. deep, 
as a cantilever with a 1-lb. weight fixed at 15 cm. from the support. 
The specimen was subjected to this bending moment at different 
temperatures and the permanent deflection of the end of the cantilever 
after two hours was taken as a measure of the yield of the material 
(see Fig. 2). | 

* A. Russell, * The Dielectric Strength of Insulating Materials and the Grading of 
Cables,” Journal of the Institution of Electrical Engineers, vol. 40, p. 6, 1907. 
VoL. 50, 17 
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EBONITE USED IN THE INVESTIGATION. 


Most of the ebonite tested was made up specially, and was given 
for the purpose by the India Rubber, Gutta Percha, and Telegraph 
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Fic. 3.—Results of Breakdown Tests on the Various Samples of Ebonite. 


Works Co., Silvertown. It was decided to make up a series of 
ebonites containing representative adulterants, and another series 
containing representative rubbers. The number of possible adul- 
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terants is almost limitless ; but seven representative ones were selected 
in order, as far as possible, to limit the amount of material to be 
experimented upon. Except for quality A, it must be understood that 
these mixtures do not represent the stock grades manufactured by 
this firm, but the mixtures were designed to show up the effect of the 
different fillings on the electric strength and mechanical stability 
of ebonite. 

The various mixtures tested are scheduled in the table. It will 
be seen from this that some of the adulterants are of a viscous descrip- 
tion such as wax and pitch, whilst others are of a powdery nature, such 
as zinc oxide and French chalk. Asa general rule 15 per cent of the 
adulterant was added. The constitution of two of the mixtures is 
unknown, viz., O, which is known as iron ebonite and is manufactured 
abroad, and R, which was material obtained on the market from 
an unknown origin. One sample of unadulterated ebonite, B, was 
made up, using a different procedure in curing, but its quality did not 
appear to be affected. All the mixtures were made up with 35 per 
cent of sulphur and were cured in a manner which, in the opinion of 
the Silvertown Company, would produce material of the highest grade. 


RESULTS OF THE TESTS. 


Breakdown.—The results of the breakdown tests are shown 
graphically in Fig. 3, and are given in column 4 of the table. 


Results of Tests on Various Samples of Ebonite. 


Mixture. Electric 


-——-—-— -| vester |Temper] Specife 
Rubber. Adulterant. RATS). athe. 

ії Be 4. | 5 — 6. 
A , Para (Mix. 1) None 148,000 72 I'20I 
B » (Mix. 2) i 150,000 76 — 
C Plantation js 115,000 77 1'198 
D Borneo (a) i 113,000 71 I'199 
E Manaos M III,000 81 1°206 
F | Sierra Leone " - 106,000 61 1'213 
G Assare А 104,000 72 1°253 
H | Borneo (5) ss 82,000 76 I2I2 . 
I Para French chalk 128,000 77 1'298 
J РА Soft palm pitch 118,000 61 118s 
K P Waste soft grade 115,000 72 1'192 
L 5 | Hard palm pitch | 108,000 75 1224 
M Аз Waste hard grade 92,000 75 I'199 
N P Caramba wax 78,000 63 I'171 
О Unknown Unknown 74,000 51 I'184 
P Para Vulcanized oil 72,000 55 1'187 
Q " Zinc oxide 69,000 81 17335 
R | Unknown Unknown 68,000 56 1'469 
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About ten specimens from each sample of ebonite were tested for 
electric strength in the manner illustrated in Fig. 1. Each test is 
represented on the diagram by a black dot, and the mean of the ten 
punctures on any one type of ebonite is indicated by a larger circle. 
The scale of electric strength is from left to right, and the tests on any 
one type of ebonite are plotted between the thick horizontal lines. 
The breakdown tests were made by running up the voltage as evenly 
as possible, and at such a rate that the pressure at which the specimen 
would be expected to break down would be reached after an interval 
of one minute from the first application of the voltage. 

An inspection of the results shown in Fig. 3 indicates that the 
electric strength of any given type of ebonite is a fairly definite 
quantity. The tests on the different samples of a type certainly do not 
vary amongst themselves more than is usual in the testing of dielectrics. 
Іп a few instances a breakdown point will fall rather wide of the mean, 
but an examination of most of the cases will show that if two speci- 
mens from a type are prepared and tested it is probable that the mean 
electric strength of these two will not differ from the true mean value 
by more than ro per cent. In the actual specification which has been 
drawn up on the result of these tests, a minimum limit of electric 
strength has been‘ fixed ; and of any two specimens selected for test, at 
least one of them must hold up to the prescribed figure. 

The following points may be noticed in connection with these 
diagrams :— 

I. Samples A and B, which were made from the best Para rubber 
with 35 per cent of sulphur, have an electric strength of over 140,000 
volts per millimetre. This is a considerably higher electric strength 
than that possessed by any of the other samples, whether adulterated 
or not. 

2. The samples made from other rubbers than Para all had an 
electric strength in the neighbourhood of 110,000 volts per millimetre. 
It is noteworthy that the plantation Para used in these particular tests 
was not so good as the Brazilian Para, but the authors are not able to 
say if this result would be confirmed in the case of all plantation 
rubbers.* 

3. The adulterated samples were all made up with the best Para, 
but in all cases the effect of the adulterant has been to lower the 
electric strength and in some cases to a very marked extent. One of 
the commonest adulterants is vulcanized oil, and it will be seen that 
the electric strength of this sample is one of the lowest. The only 
adulterant which did not greatly diminish the electric strength was 
French chalk, said to be powdered steatite. This material, however, 
gives the ebonite a spotty appearance and prevents it taking the 
characteristic high black polish of pure ebonite. It rather improved 
the material from the point of view of yield, and for electrical purposes 
would be the least objectionable of the adulterants tried. 

In view of the foregoing considerations, it is suggested that ebonite 


* This plantation rubber was obtained in 1909. 
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purporting to be of the highest grade shall have an electric strength not 
less than 125,000 volts per millimetre, 


YIELD. 


The method of applying the yield test shown in Fig. 2 has already . 
been described. A yield curve has been drawn in Fig. 4 for each 
mixture of ebonite. 

About ten specimens were used for obtaining the figures from 
which any one curve is plotted. Specimens of each type were heated 
in an oven at different temperatures and the initial rate of yielding 
determined. This is expressed as the deflection in two hours at that 
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Fic. 4.—Results of Yield Tests on Different Samples of Ebonite. 


temperature. Thus a curve such as is illustrated in Fig. 4 can be 
plotted for each type of ebonite connecting the rate of yielding with 
temperature. 

The point which is brought out most clearly by these curves is 
that as any given type of ebonite is heated up under a small bending 
moment, a temperature is reached at which the material begins to yield 
rapidly under the stress. Such yielding is in the nature of a permanent 
set, and there is no recovery on cooling ог on removal of the stress. 
The fact that the point of yield is such a sharp one makes the test 
within reasonable limits almost independent of the precise dimensions 
of the specimen and of the weight applied. The only really accurate 
mcasurement must be that of the temperature of the specimen in the 
Oven, since one or two degrees may make all the difference in the 
neighbourhood of the yield point, 
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It must be emphasized that the exact shape of these curves must 
not be considered as being too rigid. Samples cannot always be relied 
upon to behave quite consistently, and although the yield curves in 
Fig. 4 have been drawn to an open temperature scale, to avoid crowd- 
ing of the curves, the small differences indicated between some of 
them do not necessarily represent differences which will be always 
found between the types. Some margin must therefore be allowed in 
specifying the conditions for a yield test with which ebonite must 
comply, otherwise it would be necessary to test a good number of 
samples of a type, in order to obtain a mean which would really 
represent the average behaviour of the material in question. 

It will be seen that a temperature of 70? C. divides off broadly what 
may be considered the more stable specimens from those which yield 
more rapidly. Amongst the latter are the two ebonites with unknown 
constituents and those adulterated respectively with caramba wax, soft 
palm pitch, and vulcanized oil. Sample F had no adulterant, but 
was made with a rubber from Sierra Leone. The ebonites which yield 
at points above the 70° line are those without adulterants, and also 
those whose adulterants are of a granular description, such as French 
chalk and zinc oxide. It is quite clear that the yield test will not dif- 
ferentiate between pure ebonite and ebonite adulterated with these 
granular constituents, and some additional tests must be imposed for 
this purpose. As far, however, as the yield is concerned it is proposed 
that ebonite purporting to be high-grade material shall not yield more 
than 20 mm. in two hours in an oven maintained al 70°C. when tested 
under the conditions outlined above. 


SPECIFIC GRAVITY. 


The specific gravity test is a useful one taken in conjunction with 
yield, since by means of it material with an excess of sulphur is 
eliminated, and whatever adulterant it is proposed to add must have a 
specific gravity less than 172. 

The specific gravities of the various samples dealt with in this 
investigation are scheduled in the table, and it will be seen that the 
unadulterated Para ebonite has a specific gravity of less than 1°21. It 
is suggested, therefore, that this shall be imposed as the upper limit for 
specific gravity. 


DISCUSSION ON THE TEST RESULTS. 


It now remains to examine these results in order to see what test 
conditions should be imposed in order to eliminate the undesirable 
grades of ebonite, kecping in mind that the fewer and simpler the tests 
in a specification the better and more useful it will be. 

An examination of the table will show that if ebonite is specified to 
pass the specific gravity test of 1°21, and also to comply with a yield 
test at 70°C., all the worst types of those tested are at once eliminated. 
The only ones left in are :— 
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Adulterdnt. 
A E B Para rubber and sulphur... jas None 
Plantation rubber and sulphur .. 5 
D Borneo rubber and sulphur » 
E Manaos rubber and sulphur  ... 5 
K Para rubber and sulphur... .. Waste soft grade 


It is doubtful whether the various samples of Borneo and Manaos 
rubbers could be relied on to be sufficiently uniform in quality always 
to pass these tests satisfactorily. On the other hand, some samples 
made of the other rubbers might, sometimes, be found to hold up to 
the yield and specific gravity tests, but there must always be an element 
of uncertainty unless Para rubber is used. The plantation rubber used 
in the tests is the same as Para except that at present the trees have not 
all grown to maturity. Astime goes on, plantation rubber may become 
indistinguishable from first-grade Para. 

It will thus be seen that these two simple tests for specific gravity 
and yield serve to eliminate nearly all but the best grade of ebonite, 
which is made from Para rubber. Such tests are easily applied, pro- 
vided proper precautions are taken to keep the temperature of the 
specimen constant in the yield test. In order to make an adulterated 
ebonite to pass this test, it would be necessary to find a suitable loading 
material whose specific gravity is less than 1'2, and which would not 
affect the yielding properties of the ebonite. 

As already mentioned, the test for electric strength is the only really 
final criterion of quality, but it can only be applied where extra high- 
tension testing facilities are available, and where accurate machining of 
the specimens can be carried out. This test is always applied at the 
National Physical Laboratory ; but it is thought that buyers of ebonite 
who merely wish to obtain a general opinion of its quality without the 
trouble of a dielectric test will find the first two tests of real value. In 
cases, however, in which the material is to be used for high-tension 
insulation, the test for electric strength is the only one which should be 
relied on. Nevertheless, it often happens that the form in which 
ebonite is bought renders an electric strength test difficult or impossible 
to carry out. If the material, for instance, is in sheet form, and is less 
than ł in. or 3, in. in thickness, ог if it is in the form of rod less than 
2 in. diameter, the test for electric strength is hardly possible. In such 
Cases one or both of the other tests can be made with useful results. 
The authors have not obtained actual data for yield tests on very thin 
sheet ebonite, but by using a small specimen and reduced load there 
appears to be no reason why this method of test should not apply 
equally well. 

SPECIFICATION. 


The following specification is therefore suggested for tests on sheet 
ebonite purporting to be made from best Para rubber without adultera- 
tion :— 

Specific Gravity.—To be not more than 1°21. 

Yield Test.—A cantilever of the: ebonite 25 mm. (1 in.) wide and 
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10 mm. (# in.) thick, supporting a 1-lb. weight 152 mm. (б in.) from 
the support shall be placed in an oven maintained at a temperature of 
70° С. The ebonite shall not yield so that the point of support of the 
weight drops through a greater distance than 15 mm. (approximately 
$ in.) during two hours at this temperature. The distance dropped 
shall be measured before and after the test with the weight removed. 

Electric Strength.—The sheet ebonite shall be tested for electric 
strength by embedding metal spheres, 51 mm. (2 in.) diameter, into 
opposite sides of the material so that the thickness of ebonite between 
them is about o'5 mm. An alternating potential difference with an 
approximately sine wave distribution shall then be put across the 
spheres, and the voltage gradually raised over a period of about 1 
minute until breakdown occurs. The test specimens and spheres may 
be placed under oil during this test, in which case a specimen 100 mm. 
(4 in.) diameter will suffice to prevent sparking round the edges. 

The spherical recesses in the test specimens must be machined out 
with a keen-cutting tool, which must be re-ground before the last cut is 
taken, and the spheres must be a good fit in the recesses. Before the 
rejection of any material takes place on the ground’ of insufficient 
electric strength, at least two specimens shall have been tested for 
breakdown, and if either of them shows the requisite strength, rejection 
shall not take place on the ground of this test. 

Under these conditions of test the ebonite shall show an electric 
strength of not less than 125,000 volts per millimetre (R.M.S.). 
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The minutes of the Ordinary Meeting held on 28th November, 1912, 
were taken as read, and confirmed. 


The list of candidates for election and transfer approved by the 
Council for ballot was taken as read, and it was ordered that it should 
be suspended in the Hall. 

Messrs. W. Green and W. R. Hackworth were appointed scrutineers 
of the ballot for the election and transfer of members, and, at the end of 
the meeting, the following were declared to have been duly elected :— 


ELECTIONS. 
As Members. 
Sydney Trewhella Allen. | Charles Smith Davidson. 
As Associate Members. 
William Young Anderson. John William Jackson. 
Henry Newton Baker. Eric Reginald Jameson. 
Richard Baxendale. 


John Griffith Jones. 
Leonard Holdsworth Crowther. Harold F. A. Kinder. 


William Joseph Davis. James Mirrey. 

Thomas Edwin Fletcher. Trubie Moore. 

Alfred George Fox. William Henry Palmer. 
George Gordon Fraser. William Redclift Rogers. 
Thomas Reginald Graty. Reginald Vivian Weare. 
Walter Edwin Haley. George Norris Wright. 


Alexander Rodger Harvey. Edgar Robert Wynne. 
Vor. 50. 18 
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As Graduates. 


Arthur Peachey Aldridge. 
Thomas B. Carrigg. 

Edgar J. Davidson. 

Horace Girdlestone. 

Cecil Allan Grut. 

George Pell Howkins. 
Andrew Armstrong Hurry. 
Harman Willoughby Lance. 
Alfred Lord Lintott. 


Norman Victor Lloyd. 
Robert Sell. 

Arthur Stubbs. 

Albert Victor Summers. 
Cyril Leslie William Tucker. 
Hubert William Walker. 
Frederick William J. West. 
Reginald Wood Whittle. 
Edward Moses Wolf. 


As Students. 


George Alexander Allan. 
Harold Armstrong. 

Alfred Bailey. 

William Charles Barnes. 
Leslie Wilfred E. Baxendell. 
Clarence William G. Booth. 
Harold Brooke. 

Charles Lionel Bunt. 

Fred Colburn. 

Arthur Geoffrey Crosby. 
Robert Dowson. 


Edward Harland Duckworth. 
Paul Frederick Elling. 

Alan Stewart FitzGerald. 
Hugh Leslie Hudson. 
Bernard Joseph Kennedy. 
Walter Arthur Reeves. 
William Kenneth Smith. 
Stanley Jackson Snowden. 
Desmond Gardiner Trouton. 


_ David Wilkin. 


Eric Western Wilson. 


TRANSFERS. 
From the class of Associate Members to that of Members :— 


Andrew William Blake. 
Joseph Harding Bolam. 
John Keats Catterson-Smith. 
Manley Farrer. 

Edward Fortescue Long. 


Herbert William Miller. 
Leonard Murphy. 

Edwyn Lonsdale Pope. 
James Scott Pringle. 

Cyril Hunter Robert Thorn. 


From the class of Associates to that of Members :— 
Frederick Arthur Knight. 


From the class of Associates to that of Associate Members pe 


Joseph James Charles Bacon. 
Frederick Berry. 

John Percival Forster. 
Charles Henry Haddrell. 
Arnold Strangman Hughes. 


Louis F. R. Lewin. 
David Stuart Mitchell. 
William Mosse Robinson. 
Lewis Hey Sharp. 
William Walker. 


From the class of Students to that of Associate Members :— 


Kenneth Byres Findlay. 
Arthur Carr Hall. 
Percy H. I. Humphreys. 


Philip Sydney Edward Jackson. 


Robert Gordon Jakeman. 


Robert Eric Keelan. 
Ernest William Moss. 
Bertram Edward Stott. 
Frank Stroude. 

Noel Bannister Tomlinson. 


Guilherme Dumont Villares, 


[19th Dec., 
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From the class of Students to that of Graduates :— 


Walter Jervis Batchelor. John Herbert Jones. 
Harold Cooper. William Reginald Lewis. 
Arthur Douglas. Thomas Carr Richardson. 
William Donald Douglas. Tom Taylor. 

Walter George Ford. Godfrey P. Willoughby. 


The PRESIDENT : The Council has decided to encourage research ; 
and for this purpose it has appointed a Research Committee. The 
object of the Research Committee is twofold. It is to co-ordinate 
research in the electrical industry, and it is to originate research. I 
want members to realize that we shall be very pleased to receive any 
suggestions as to researches of general importance to the electrical 
industry that want encouraging. If the Committee has this information 
before it, the Committee can act as a general clearance house for 
research topics, and say what researches want carrying out, and where 
there are men in universities and in institutions willing to carry out 
researches. 

Then, another matter the Research Committee has in hand is 
the collection of data relating to the facilities that exist in different 
parts for carrying out special research. Many of you know that 
certain universities possess special facilities for carrying out research 
work. Some of them have specialized in testing iron ; some of them 
have specialized in testing rubber, and others in different subjects. 
Arising out of the researches a large amount of literature is sure to 
have to be looked up. The Committee will take in hand the com- 
pilation of bibliographies of any literature relating to the investigations 
which will be published for the use of members. 

That is one side of the Committee's work. The other side is to take 
in hand origination of research. In the first place it is thought that 
researches might be originated into the properties of materials used 
by electrical engineers. There are a great many materials used by 
electrical engineers of which we do not fully know the properties, 
Such as magnet steel, copper, carbon, paper, rubber, mica, porcelain, 
and varnishes; and there are many different data required relating 
to materials which will be useful to electrical engineers. The Council 
has decided to-day to appoint this Committee, and I trust that the 
members of the Institution will help the Committee by sending any 
suggestions as to the work that they think might be carried out. 

A paper by Mr. J. S. Nicholson, B.Sc., Associate Member, and 
Mr. B. Parker Haigh, B.Sc., entitled “ A Single-phase Motor with Pole- 
changing Windings” (see page 268), was read and discussed, and the 
meeting adjourned at 9.22 p.m. 
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A SINGLE-PHASE MOTOR WITH POLE-CHANGING 
WINDINGS. 


By J. S. NICHOLSON, B.Sc., Associate Member, and 
B. PARKER HAIGH, B.Sc. 


(Paper first received 2nd May, and in final form 20th November, 1912 ; read 
before the INSTITUTION 12th December, 1912, and before the SCOTTISH 
LOCAL SECTION 14th Fanuary, 1913.) 


A new type of single-phase commutator motor, recently installed in 
the James Watt Engineering Laboratories of the University of Glasgow, 
was brought to the notice of the Institution on the occasion of their 
recent visit to Scotland, and it is hoped that a description of the 
machine may be of interest. This motor, which is the invention of one 
of the authors, may be termed a railway motor, although, as will be 
understood, the machine tested is of small size and open construction, 
suitable for experimental work. As the main difference between this 
type of machine and other commutator motors lies in the use of 
pole-changing windings, the first part of the paper will deal with 
the principles involved in the use of such windings in commutator 
motors. 

All single-phase commutator motors have this in common, that the 
reason for introducing the complications of the commutator, with its 
attendant brush-gear, is that it is not otherwise practicable to obtain a 
strong flux “in phase” with the armature current unless the speed of 
the motor is nearly that corresponding to synchronism. 


As the mean torque of any single-phase motor is proportional to the 
cosine of the time-angle between the waves of armature current and 
flux, it is maximum when these are in phase, and when this is the case 
the peripheral tractive effort of the motor armature is given, in 1b., by 
the equation— 


__ 2°21 amperes рег cm. of) _ flux per pole 
Р.Т.Е. = 981 x poles x | armature periphery | Јах тов 


When the motor has to work over a wide range of speed, and еѕресі- 
ally when it has to develop a heavy torque when starting, a commutator 
is necessary to ensure that the bands of armature currents are kept in 
suitable positions relatively to the flux, so that the useful flux per pole 


1912.) WITH POLE-CHANGING WINDINGS. 269 


shall be as nearly as possible identical with the total flux produced by 
the field magnets. 

This essential principle being common ground for all commutator 
motors, the new motor shares in many of their characteristic features 
and limitations. In order to ascertain the proper aim of a pole-changing 
winding applied to a commutator motor it may therefore be well to 
make a brief comparison between two ordinary motors of equal size, 
developing equal torques, but differing in their design in the choice of 
the number of poles. 


COMPENSATED-SERIES MOTOR. 


Two such motors, with compensated-series connections, are shown 
in Figs. 1 and 2, with 8 and 4 poles respectively. In each of these 
diagrams FW indicates the field winding producing the flux фу, which 
is cut bythe band of armature conductors A, and held in place laterally 
by the band of conductors in the compensating winding CW. The 
three windings FW, A, and CW, are, of course, connected in series. 
The two motors may be regarded as similar in respect that, having 
the same dimensions, the same flux density in the air-gap (B,), and the 
same values for theamperes per centimetre of armature periphery (A.S.), 
they develop equal peripheral tractive efforts. In eachcase the E.M.F. 
generated in the armature by its rotation in the flux $, will be 
given by the equation— 


E, = 2 42 /, S,7. 1573 effective volts), 


where f, is the “frequency of rotation" (= poles x r.p.m. + 120). 
As the change in the number of poles will affect the two terms f, and 
# inversely, it is clear that the number of armature turns in series (Sq) 
will have to be the same in each of the two motors if the voltages and 
speeds are to have the same values in each. 

The armature E.M.F. (E,) is, of course, only part of the terminal 
voltage E, which includes in addition the resistance and reactance 
voltages (= E,) and also the field voltage E; induced in the field 
windings (F.W.) by the pulsation of the flux gy. 


E, = 4°44 f Sr ¢, 10^? (effective volts). 


This E.M.F., being 9o? out of phase with the current, must be mini- 
mized in order to obtain a high power factor, and it is important to note 
that its value will not be materially changed by altering the number of 
poles The two motors, having the same flux density (Bẹ), will require 
the same number of turns per pole, so that the total number of turns in 
the field-winding will be changed in inverse ratio to the flux per pole. 

In order to keep the ratio E,:E, as low as possible, it is clearly 
advantageous in either case to work with a low ratio Sj: Sa, i.e. with a 
small air-gap (necessitating the use of a compensating winding), and with 
a low frequency of supply (f), whose value may be only one half or one- 
third of that of the frequency of rotation (/,). 
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The two compensated-series motors may be compared with one 
another as regards their commutation, by estimating the voltages 
induced in the armature turns short-circuited by the brushes—firstly, 
when starting against a given torque, and secondly when running 
on full load at equal speeds. When stationary the only E.M.F. 
tending to cause sparking is that induced in the short-circuited 
turns, Ssc., by the pulsation of the main flux g,; and measuring this 
E.M.F. between the tips of the brushes we obtain the value— 


A e; 7 4°44 f зс. фу 107? (effective volts). 


If the brushes are of the same breadth in the two motors the values of 
this E. M.F. will be equal when the motors develop the same torque, for 
the number of turns short-circuited will be twice as great in the 
8-pole as in the 4-pole motor, while the value of the flux is reduced in 
the same ratio. When the motor is running on load the E.M.F. induced 
in the turns short-circuited by the brush is increased by a second E.M.F. 
(corresponding to that which appears in direct-current machines), due 
to reversal of the direction of current in the coils as these pass 
under the brush. The value of this second E.M.F. is given by the 
equation— 
A ес = 8 Ss.c. l r f, (А.5.)А 107* volts, 


in which т and / are the pole-pitch and core-length respectively, and à 
a constant identical with that used by Arnold and La Cour (A is equal 
to the number of interlinkages of stray flux per conductor, per centi- 
metre length of core, per ampere per slot). It is clear that this voltage 
A е, is twice as great in the 8-pole as in the 4-pole motor, as the number 
of short-circuited turns, Sgc., is doubled ; but for the same reason the 
density of the commutating flux produced by the compensating wind- 
ing (C.W.) need only have the same strength in each motor, given by 


the equation— 
B, == 2 (A. S.) X A. 


Further, if a shunt commutating field is provided, according to the 
Milch-Richter system, to neutralize Ae; at any particular speed, the 
density of this shunt commutating flux need be only half as great in the 
8-pole as in the 4-pole motor. 

As regards commutator dimensions, the total brush contact area 
must be the same in each motor as the total currents are the same. 
But the 8.pole motor having twice as many brush spindles need have 
only half as many brushes per spindle, and can therefore be built with 
a much shorter commutator than the 4-pole motor, provided that the 
output is in reality limited by the heating of the brushes rather than by 
that of the commutator surface as a whole. The end connectors of 
the windings are also shorter in the motor with the greater number of 
poles, which can therefore be constructed with smaller overall 
dimensions in the axial direction than the other. The body of iron 
necessary is also less on account of the reduced flux. The numter of 
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poles is therefore chosen high in series motors, the only limits being 
general convenience, an increase in the leakage fluxes, and in some 
cases heating of the commutator surface. 


REPULSION Morors. 


The same choice would be made in repulsion motors, were it not 
that other influences come into play. In the repulsion motor the 
electrical input is supplied to the compensating winding, which acts as 
the primary of a transformer of which the secondary is the armature 
winding, short-circuited through its brushes. The magnetic connection 
between this primary and secondary is the so-called “ cross-flux” (¢,), 
located at right angles to the main flux (9), and in quadrature with it 
in time. The value of the cross flux being given by the equation, 
$9,(f, -—-f), the two fields are equal, and combine to form a 
uniform rotating field, when the motor runs at a speed approximating 
to synchronism. The rotary motion of the flux is, of course, a con- 
siderable advantage in favour of the repulsion motor, minimizing the 
iron losses in the armature, and assisting commutation, as the rotating 
Bux induces no E.M.F.'s in the armature coils. In other words, and 
referring particularly to the armature turns short-circuited by the 
brushes, the E. M.F. A e, induced by the pulsation of the main flux фу is 
equal to, and is neutralized by, the E.M.F. generated in these same 
turns by their motion through the cross field ġe Over a limited range 
of speed, a strong cross field may be maintained in quadrature with the 
main field by impressing an E.M.F. Es in the circuit of the brushes, 
such that— 


Ев = 4:44] 9,9%, (: — 5) 107—5 volts. 


In this way fair commutation may be obtained at speeds differing 
widely from the synchronous value, but in general it is desirable to 
choose the number of poles such that the synchronous speed is close to 
the normal running speed of the motor. 

In making the following comparison between two similar repulsion 
motors developing equal torques, we shall therefore assume that the 
&pole motor is intended to run at half the normal speed of the 4-pole 
motor supplied at the same terminal voltage and frequency. As the 
armature voltage may be chosen independently of the primary voltage 
of supply, we may assume that the space allocated to the commutator is 
the same in each machine. Fig. 2, which has already been used to 
represent a 4-pole compensated-series motor, may now be regarded as 
the 4-pole repulsion motor, while Fig. 3 represents the 8-pole repulsion 
motor. As the commutators are of equal length, the normal current per 
brush spindle may be the same in each case if brushes of equal breadth 
short-circuiting equal numbers of armature turns are used, and the total 
current will be doubled in the 8-pole armature. As regards the 
primary windings, which carry only half as much current in the 8-pole 
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as in the 4-pole motor, the compensating windings will require twice 
as many turns in series to give the same value of A.S., while the field 
windings will require four times as many turns in series in order to 
gencrate the same flux density (B,) in the air-gap. The stator copper 


FIG. 3. 


losses may be slightly increased, although the end connectors are 
shorter, and it may be desirable to increase the diameter at the air-gap, 
still keeping the external diameter of the 8-pole core less than that of 
the 4-pole machine. As the total losses are approximately equal in the 
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two motors it is clear that the efficiency of the 8-pole machine, which 
gives only half the output, will be less than that of the other ; this 
would, of course, be anticipated, for low-speed machinery is in general 
heavy in proportion to the power developed, and correspondingly 
inefficient. 

To weigh against this disadvantage, the low-speed 8-pole machine 
offers considerably better conditions as regards commutation at low 
speeds. When running at normal speed, excellent commutation is 
obtainable in either machine, but when starting under load the voltage 
induced in the armature turns short-circuited by the brushes forms a 
barrier to the increase of the torque beyond a certain limit. As in the 
case of the series motor, the induced voltage is given by the equation— 


A €, = 4°44 f Ss.c. pr 107? volts, 


and as the number of short-circuited turns is the same in each motor, 
while the flux is doubled in the 4-pole machine, the value of the induced, 
voltage is twice as great in the 4-pole as in the 8-pole motor when these 
are developing equal torques. Were it practicable to increase the 
flux in the 8-pole motor proportionately to the current until the values 
of Ae, were the same in each machine, the 8-pole motor would be 
capable of developing four times as much starting torque as the 4-pole 
machine, without sparking. If we assume that the current can be 
temporarily increased 50 per cent without undue overheating, with a 
corresponding increase of 35 per cent in the flux, then the 8-pole motor 
will develop more than double the torque of the 4-pole motor with 
reduced liability to sparking. 

As regards the starting current required, it might be anticipated 
that the torque per kilovolt-ampere would be twice as great in the low- 
speed as in the high-speed motor, for the motors develop equal torques 
when running at their respective normal speeds, with currents that do 
not greatly differ in ratio from 1 to 2. When starting, however, the 
greater part of the terminal voltage is absorbed in the field windings, 
which in the low-speed motor have four times as many turns inter- 
linked with half as great a flux as in the other. The voltage required 
is therefore almost twice as great although the current is only half, so 
that the two machines make an equal wattless demand on the line 
when developing equal torques. 

For the same reason the power factors are not equal when running 
at normal speeds; the wattless voltage is twice as great in the low- 
speed motor as in the other, and the power factor is correspondingly 
reduced. 

So long as the motor is stationary or running at only low speeds 
no means exist for reducing the wattless voltage, other than the use 
of a small air-gap. But when the speed rises towards synchronism 
Winter-Eichberg or La Tour connections may be employed to utilize 
the opposite wattless E.M.F. generated in armature by its rotation 
In the cross flux ($.) This may be done by passing the magnetizing 
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current through the armature by means of extra brushes on an axis 
at right angles to that of the “working” brushes (Winter-Eichberg 
system) or by dividing the working brushes into pairs, short-circuiting 
part of the armature in the “working” circuit, while the remainder 
is used for magnetizing (La Tour system). No stationary field winding 
is required in either case, and when the machine runs at a speed 
corresponding to the frequency f, the wattless magnetizing voltage 
required on the brushes is reduced to the value given by the equation— 


Es = 4°44/S, 9 фу (x — i) IO^? volts, 

where S, is the number of armature turns used in series, and q their 
* breadth coefficient." When running at low speeds the wattless volt- 
amperes required for magnetizing by means of the armature are as 
great as when a stationary field winding is used, but at higher speeds, 
approaching synchronism, the net wattless voltage is quickly reduced 
and a high power factor may be obtained, even when the iron of the 
magnetic circuit of the motor is worked af high flux densities. 

Comparing the two repulsion motors shown in Figs. 2 and 3, it is 
clear that the 4-pole machine offers better conditions for introducing 
the extra brushes required in magnetizing by the armature, as the com- 
mutator of the 8-pole machine may be already somewhat crowded. 
'This feature, which renders a high power factor attainable, therefore 
forms an additional incentive towards the use of the lower number 
of poles, thus, as we have already seen, giving a high efficiency with 
good commutation at convenient speeds, higher than those suitable for 
the motor with the greater number of poles. As the latter motor, 
nevertheless, gives a greater torque before reaching the limit imposed 
by commutation at low speeds, it appears that a certain field of utility 
exists for pole-changing windings capable of combining the charac- 
teristics of machines with two numbers of poles in a single repulsion 
motor. It remains to be seen to what extent a practical pole-changing 
winding can be arranged to combine these characteristics without 
undue sacrifice in output or efficiency. 


POLE-CHANGING STATOR WINDING. 


In comparison with the three-phase pole-changing windings that are 
already widely used in induction motors, single-phase pole-changing 
windings are notably simple, and economical in their use of active 
material. Coil windings especially (which are not generally effective 
for threc-phase pole-changing) give good results in single-phase stators, 
while *shortened-step" windings are suitable for armatures. 

A typical stator winding for 8 and 4 poles is shown in Figs. 4 
and 5, and consists essentially of two sets of coils, I, I and II, II. In 
Fig. 4 the directions of current in these are such that the winding has 
8 poles, the conductors being arranged in eight groups, alternately 
+ and —, occupying in this instance four of the six slots of each 
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poe-pitch. On reversing the direction of the current in coils II, II, 
a shown in Fig. 5, the winding gives 4 poles, each having eight active 
slots arranged in two groups of four, separated by groups of two 
empty slots. As the presence of these latter inactive slots would be 
undesirable in a stator winding intended for compensating the ampere- 
turns of the armature, an extra set of coils, III, III, may be added, 
so as to complete four uniform groups of conductors while still leaving 
four groups of slots in the neutral zones unwound. The three sets 
of coils are preferably connected so that coils I and II are in series 
when employed for 8 poles, and in parallel with one another (but 
in series with the extra coils, III) when used for 4 poles. The values 
of A.S. are then equal for the two numbers of poles when the currents 
are in the normal ratio of 1 to 2. 


Such a winding as the above, although well adapted to act as the 
“main” stator winding of a repulsion motor with either 8 or 4 poles, 
leaves no space available for an 8-pole field winding (although a 4-pole 
field winding might, if so desired, be wound in slots in the neutral 
zones shown vacant in Fig. 5). By shifting the brushes, when this 
is permissible, a suitable field may always be obtained in a repulsion 
motor without a separate field winding ; but as a fixed brush position 
is in many circumstances imperative it is desirable to consider other 
Means of magnetizing. In order to obtain a high power factor when 
the motor is developing its maximum power, it is preferable to obtain 
the necessary field ampere-turns for the lower number of poles by 
passing a magnetizing current through the armature ; and as we shall 
see immediately, this is convenient in practice on account of the loca- 
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tion of the brushes. When running with the greater number of poles, 
on the other hand, power factor is of less importance as the power 
developed at the reduced speed is less ; and as it would be inconvenient 
to add extra brushes for passing a magnetizing current through the 
armature (on account of the short pole-pitch), it is important to provide 
an effective 8-pole field winding on the stator. 

This is a matter of some difficulty, as such a winding requires 
the use of all the slots shown vacant in Fig. 4, some of which are 
already utilized by the extra 4-pole main winding (III, Fig. 5). 
Fig. 6 shows a winding which meets both requirements, serving not 


FIG. 5. 


only as an 8-pole field winding, but also as an additional 4-pole 
main winding according to the directions of current in the component 
coils 1, 2, 3, and 4. When these are coupled in the two pairs, 1, 2, and 
3, 4, which may be connected in series, as in Fig. 6, a, or singly, or in 
parallel,an 8-pole ficld is produced, covering nearly five-sixths of the total 
pole area at uniform density. Ву reversing the currents in coils 3 and 
4, while those in coils 1 and 2 remain unchanged, as shown in Fig. 6, b, 
the directions of the currents in four of the eight groups of slots are 
such as to fulfil the purpose of the extra main winding (III, Fig. 5), while 
the directions of current in the remaining four groups are such as to 
neutralize one another, leaving these slots inactive so far as external 
magnetomotive forces are concerned, although subject to copper 
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Yoses and magnetic leakage. The use of the extra main winding, or of 
the reconnected field winding, not only improves the overload capacity 
of the motor by reducing the stray fluxes, but also increases its output 
in proportion to the voltage induced in the active conductors of the 
additional winding. This voltage is 37 per cent of that induced in 
cols Т and II of the main winding when all slots contain the same 
numbers of conductors and the flux density is assumed to be (as is 
approximately the case in practice) distributed in a sine wave. 


POLE-CHANGING ARMATURE WINDING. 


э 4 


Armature windings differ from the so-called “ coil windings” that 
are used for stators in respect that, as the winding is connected to a 
commutator, it must necessarily be coupled in a closed circuit consist- 


Fic. 6. 


ing of a large number of elements. Each element is made up of at 
least two active conductors embedded in slots which, in a normal 
armature intended for use with only one number of poles, are 
separated by a span approximately equal to, or somewhat less than, the 
pole-pitch. In a pole-changing armature this span is chosen with a 
value intermediate between the pitches of the two numbers of poles ; 
and, as a rule, the best results are obtained when the span is chosen as 
the geometrical mean between the two pitches. The number of poles 
produced at any moment depends upon the connections of the brushes 
which control the directions of current in the different parts of the 
armature winding in much the same manner as is effected by the 
series-parallel connections in the stator winding. 

This is shown in the case of an 8- and 4-pole armature in Figs. 7, 
8, and 9, in which part of the winding is outlined with lap connections, 
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having a span of 60°, i.e. two-thirds of the longer pole-pitch, or four-thirds 
of the shorter. When the winding is used for 8 poles, alternate brushes 
are of opposite polarity ; and on passing currents through the winding 
from each brush to its neighbours, as shown in Fig. 7, eight bands of 
conductors are formed. Each of these active bands covers two-thirds of 
the pole-pitch, and is separated from other bands of opposite polarity - 
by shorter inactive zones in which the conductors in each slot carry 
opposite currents that neutralize one another. It is clear that the 
number of inactive conductors depends upon the choice of “slot- 


FIG. 7. 


step," and would be reduced by using a shorter step; but as the 
winding is used in conjunction with the 8-pole stator winding of 
Fig. 4, in which only two-thirds of the total number of slots are allocated 
to the main winding, little advantage would be gained by further 
shortening the step, as the reactance of the machine would be increased 
by the less effective compensation of the two windings. 

On changing over from the greater to the lesser number of poles, 
two methods of connecting up the brushes are available. In the first 
of these methods, shown in Fig. 8, only half the total number of 
brushes (viz. those shown black) are used to carry the “working” 
currents (compensating the ampere-turns of the main stator winding 
and producing the torque), while the remaining brushes are used to 
carry magnetizing currents not shown in the diagram. As the step of 
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the coils is two-thirds of the pole-pitch, the currents are now distributed 
in four active bands each covering two-thirds of the pole-pitch, and, as 
before, these bands are separated from one another by shorter inactive 
bands located in the neutral zones. Comparing this winding with the 
4-pole stator winding shown in Fig. 5, it is clear that the two com- 
pensate one another fairly well as the active zones cover respectively 
67 per cent and 83 per cent of the pole-pitch. As the active zones 
overlap one another symmetrically when the brushes are placed in the 
positions shown, but not when the brushes are left in one and the same 
position for both numbers of poles, this method of pole-changing is less 
suitable for motors of moderate size, such as are used on multiple unit 


vehicles, than for motors of larger size for locomotives, in which 
service brush-shifting is by no means inconvenient. The connections 
of the magnetizing brushes and of the change-over switches will be 
dealt with after the second method of connecting-up the “working” 
brushes has been described. 

In this second method, shown in Fig. 9, the brushes are short- 
circuited: in pairs, and all are used to carry the “working” currents 
which pass through only half the total number of armature conductors 
at апу one moment. As the distribution of the bands of current is not 
$0 uniform as in the previous case, as is clearly seen by comparing 
Figs. 5 and 9, the reactance of the machine is somewhat increased. 
The same two diagrams show that the brush positions do not require to 
be altered when changing the number of poles, for the bands of 
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current in the armature and stator overlap one another symmetrically 
when the brushes are in one and the same position for cach number of 
poles. 

Each of the arrangements of brushes shown in Figs. 8 and 9 is 
suitable for leading magnetizing currents into the armature to produce 
a field with the lower number of poles. Thus in Fig. 8 the brushes a, b, 
not used for the working currents, may be supplied from an exciter 
transformer with series or shunt connections as in a compensated- 
repulsion motor running without pole-changing connections. Similarly 
in Fig. 9 the magnetizing current may be supplied to two of the four 


Fic. 9. 


pairs of brushes and led away from the other two pairs. The distribu- 
tion of the field wave differs slightly in the two cases, the magnetizing 
ampere-turns being distributed in the same manner as the “ working” 
ampere-turns shown in the diagrams, but in either case the distribution 
is very approximately a sine wave. 

It is of interest to note that shortened-step windings may also be 
used on the stator, but as they are neither so efficient nor so convenient 
for this purpose as the coil winding that has been described they will 
not be dealt with here. 


COMMUTATION. 


In the armature with eight working brushes commutation occurs in 
two stages, the + current changing to zero under one brush and thence 
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to— value under the next. This naturally assists commutation, but as 
only one half of the total number of armature conductors carry load 
Currents at any one moment, a greater current is required to gain the 
same output, or alternatively, the number of conductors per slot may be 
increased до per cent while the current is kept at the same value. 
This increase can be allowed without extra losses, as each conductor 
Carries current during only half the revolution ; but as the increase in 
the number of conductors doubles the self-induction, commutation is 
not eventually different for the armatures with eight and four working 
Tushes respectively, when designed for the same total current. 

AS the groups of conductors in any one slot do not undergo commu- 
tation at the same moment, that part of the total sparking E.M.F. 
Which is ordinarily induced in the coils by mutual induction is absent, 
and in Comparison with a normal armature having a slot-step equal to 
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FIG. 10. 


the full pole-pitch, commutation on load is correspondingly improved. 
Since this allows the number of turns per commutator bar to be 
increased 40 per cent as compared with a normal design, the armature 
current may be correspondingly reduced and a smaller commutator 
used. To a great extent, however, commutation on load depends on 
the stray fluxes produced by local inequalities in the M.M.F.’s of the 
load currents in the armature and main stator windings. Fig. то shows 
the state of affairs in the case of an 8-brush armature working with 
a stator having uniform A.S. across five-sixths of the pole-pitch. The flux 
distribution produced by the magnetizing currents in the armature is 
shown by the curve ¢,, while the density of the stray fluxes is repre- 
sented by the curve $,, whose ordinates are reversed so that the area 
between the curves represents the total flux. The position of one of 
the coils undergoing commutation is shown by CC’, and it is seen that 
the conductor C is cutting the stray flux at one of its peaks, and that 
this peak is in the reverse direction to that which would oppose the 
E.M.F. induced in the coil by the commutation of its current. The 
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diagram is drawn for an armature with slot-step equal to two-thirds of 
the pole-pitch, in which case the effect is considerable when a small 
air-gap is used. It can be minimized by using a slightly shorter slot- 


FIG. II. 


step so as to improve the compensation, or alternatively by increasing 
the value of A.S. for the stator coils in the mid portion of pole-face 
(belonging to the reconnected field winding, Fig. 6). Fig. 11 indicates 
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how this may Бе carried out by slightly lengthening the coils Х belong- 
ing to groups I and II of the main winding, so that they enter wider 
slots which also contain the field windings. This gives a stray flux of 
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small magnitude, having peaks in the right direction for assisting 
commutation, and located so that the coil-step of the armature may 
be chosen as two-thirds of the pole-pitch, or slightly more or less if so 
desired. The ordinates are here again reversed so that the resultant 
field is represented by the ordinates between the curves. 

Although the E.M.F.’s induced in the short-circuited conductors by 
their rotation in fluxes фу and ф, respectively neutralize the E.M.F.’s 
induced by the pulsation of these fluxes (in the reverse order) when the 
motor runs at approximately synchronous speed, nevertheless these 
E.M.F/s are considerable at reduced speeds, and differ in the case of 
the 4- and 8-brush armatures as the fluxes interlinked with the coils 
at the moment of commutation are different. This is shown in Fig. 12, 
in which diagram "a" represents 8-pole conditions, while diagram 
“b” shows the field wave ф„ and the positions С» and C, in which the 
armature turns are short-circuited in the 8- and 4-brush methods 
respectively. Choosing (for the sake of comparison) the maximum 
flux density for 8 poles as 83 per cent. of the 4-pole maximum so 
that the torque with 8 poles shall be equal to that developed by the 
4pole armature with four working brushes when the values of A.S. 
are the same, we see that the net flux interlinked with the short- 
circuited coils is twice as great in the latter case. The advantage 
gained by using this pole-changing armature is therefore the same 
as in the ideal case in which we saw that the flux interlinked with the 
armature-turns was 100 per cent greater when the motor was wound 
for 4 poles than when wound for 8 poles. 

Even when using an armature with 8 working brushes carrying 
the same total current with a shorter commutator the net flux inter- 
linked with each turn is 40 per cent less with the greater number of 
poles, and such a machine is therefore capable of developing almost 
twice as great a torque when starting with the greater number of poles 
as when using the smaller number. 


OUTPUT. 

As regards I? К losses in the armature copper, the motor with 8 
working brushes is quite as efficient as that with only 4 working 
brushes, in spite of the reduced number of armature conductors which 
are active at any one moment. This is due to the somewhat higher 
" breadth coefficient" of the active windings, which are located mainly 
in the strongest zone of the field. A comparison between the two 
types is made in the following table, in which a third column is added 
for the normal repulsion motor (with coil-step equal to the pole-pitch). 
To enable this machine to run at the same maximum speed it is 
designed with the same number of poles (4) as the pole-changing 
motors employ when running at full speed with the lesser number 
of poles. The numbers of armature conductors are chosen so as to 
give equal liability to sparking when running at full speed, and in each 
Case it is assumed that the field distribution along the periphery of the 
armature follows a sine-wave. 
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COMPARISON OF 4-POLE ARMATURE OUTPUTS. 


Type Shortened Step. Shortened Step. Full Step. | 
No. of working brushes | 8 
Diagram .. | Fig. 8 Fig. 9 (N one) 
Step of coils... T | 60? 60? 
No. of armature conductors | C r41C 021€ 
Section of ditto A 07А 41А 
Mean length of conductor | 0°87 L 0°87 L 


Resistance of armature  ... . R àx2R rı5x 4R 
I 


Current for equal losses ... | I 1°32 1 
Number of turns in series... | T oT опт. 
Breadth coefficient | n = 0'552 2 /2 xcos 30° |- = 0637 

| = 0'780 
Induced E.M.F. ... aie 1'23 E 1'23 E E | 
Output (volt-ampcres) 0°93 W 0'93 W ү 


Although the figures given in the above table тау be modified in 
particular cases owing to small variations in the relative lengths and 
sectional areas of the armature conductors, yet it is clear that the 
output of the armature is not greatly reduced by using the 
shortened-step connections suitable for pole changing. The pole- 
changing motor is therefore not only capable of developing a greater 
starting torque, but is equally efficient, and on account of the shorter 
armature end connectors and commutator is more compact and simpler 
in construction than the normal design of compensated-repulsion 
motor. 

While the above comparison is applicable in the case of motors of 
moderate size, suitable for multiple unit vehicles, it does not apply 
directly to large-sized locomotive motors. The compensated-serics 
motor, working with a rectangular field-wave and designed with 4 
large number of poles, appears to give better results than the repulsion 
motor with sinusoidal field, in machines of large size. The pole- 
changing motor is similarly handicapped by its sinusoidal field, and on 
account of the distribution of its windings the output is not greatly 
increased when a rectangular field-wave is used. The output is there- 
fore materially less than that of a serics motor with the greater number 
of poles. Neverthelessthe pole-changing motor offers some advantages 
over such a series motor. It is unnecessary to employ shunt commu- 
tating poles whose strength must be regulated to suit the speed, oi 
resistance connectors ; and as the stator may in some cases be wound 
for the full line voltage the use of a transformer may be avoided. With 


suitable connections, the speed may be varied by brush shifting without 
the use of a variable voltage of supply. 
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CONTROL CONNECTIONS. 


In a motor intended for railway service the details of the control 
diagrams are clearly of great import, as the expense of upkeep of 
contactors dealing with heavy currents is considerable. In the space 
available it is not possible to deal fully with all the points that present 
themselves in connecting up a pole-changing motor, and it must suffice 
to indicate the main features of each type. Part of the problem lies 
in making provision for reversing when running with each number 


z O 


of poles; and in viewing the four diagrams that now follow it should 
be borne in mind that in each case the motor is reversible and con- 
trollable over the full range of speed in both directions, 

In each of the diagrams the motor is started as a repulsion motor 
with the greater number of poles, and after running up to half speed 
is changed over to the lower number of poles, running as a com- 
Pensated-repulsion motor excited by a magnetising current in the 
armature. 

Fig. 13 represents connections in which no brush-shifting is used, 
and which are therefore suitable for multiple unit vehicles. Current 
is supplied at suitable voltage from tappings on the transformer T 
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to the main stator windings I and II, connected in series with the 
field-windings (FW) by means of the reversing switch (RS), and is 
returned to the transformer by the switch R, closed only when the 
motor has to run as a repulsion motor with the greater number of 
poles. To change over, the switch R is opened and switches CR 
closed, so that current now passes through windings I and II in 
parallel, thence through the reconnected field windings and back 
through the exciter transformer (ET). The motor is reversed on the 
high-speed connections by closing switches F or B alternatively. It 
may be noted that the working currents in the armature circuit do not 
pass through any switches unless it is desired to impress a voltage on 
this circuit so that the motor can run on a still wider range of speed. 


000000000000 
S 


In the diagram shown, six different speed ranges are available, as 7 main 
contactors are provided. 

When it is permissible to regulate the speed by brush shifting, the 
reversing switch (RS) may be omitted and the number of contactors 
very much reduced, as in Fig. 14. On closing the switch R, the 
brushes having been previously shifted forward in the direction of 
motion required, the motor may be gradually started by moving the 
brushes back towards the normal position, thus regulating the speed 
without voltage control. On changing over to the lower number of 
poles the field is excited partly by passing a magnetizing current 
through the armature and partly by the load currents, and the speed 
may be gradually increased by shifting the brushes into the normal 
position so that the load currents have no magnetizing action. 

Fig. 15 shows a modification of the preceding diagram, the three 
main contactors being replaced by three high-tension switches in the 
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leads to the two main transformers T, and T, As such switches or 
contactors are necessarily interlocked with the brush-shifting gear, it 


R 


CR 
CR 


FIG. 15. 


may be doubted whether it is desirable to introduce high-tension 
control even for the heaviest powers. 


mag 


0100 01010101010101010 


FIG. 16. 


Fig. 16 indicates connections suitable for a pole-changing motor in 
which only half the total number of brushes are included in the work- 
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ing circuit when running with the lesser number of poles. The motor 
is started, after setting the brushes in the neutral position, by closing the 
switch R and moving the brushes in the direction of motion required. 
To change over to the lesser number of poles the brushes are first 
shifted back to the neutral position, thus taking off the load momen- 
tarily, and then the contactors C R are closed in place of R, the direc- 
tion of rotation being determined by lifting off one of the two sets of 
magnetizing brushes, either a or b, all of which had been in use while 
the motor was running with 8 poles. This latter method of changing 
over appears to offer advantages for motors of large size, but even in 
such cases the machine with the full number of working brushes 
is more convenient, and would, no doubt, give the better results in 
practice. . 


EXPERIMENTAL POLE-CHANGING MOTOR. 


Some particulars of the motor installed in the James Watt Engineer- 
ing Laboratories may be of interest, not only because the motor 
embodies the principles that have been dealt with above, but also 
because the method of testing the machine on load and in the separa- 
tion of losses is not widely used, although convenient and capable of 
giving very reliable results. As shown in the illustration, Fig. 17, the 
single-phase motor is direct coupled to a small generator—a two-phase 
inductor-type alternator—which acts as a load. The output of the 
motor is controlled by regulating the excitation and load resistances of 
the generator, and is measured by the torque transmitted from the 
magnet-wheel to the stator of this machine. The stator, which is 
mounted on ball bearings, carries a graduated arm with a movable 
weight, and a counterpoise is fitted so that the complete alternator is 
balanced on its ball bearings when the moving weight is almost at its 
inmost position. The torque developed is therefore proportional to the 
distance which the weight has to be moved outwards in order to effect 
a balance. The moving weight is fitted with a vernier, and as the 
alternator is balanced with a slow period of oscillation and has little 
friction in its ball bearings, it is possible to measure the torque with 
remarkable exactitude, the error being within one-thousandth part of 
full load. The speed of the motor was measured by means of a 
vibrating reed frequency meter supplied from the generator circuit, 
and the same instrument on being connected to the single-phase mains 
gave the frequency of supply. The input to the motor was measured 
by a Kelvin and White astatic wattmeter, the voltage by a moving-coil 
instrument, and the current by a hot-wire ammeter, all of which were 
standardized before and after the tests by means of a potentiometer 
with continuous current. 

The authors wish to express their indebtedness to the Carnegie 
Trust for the Universities of Scotland for the use of several of these 
instruments. 

The motor tested is one rated at roh.p. at 150 volts, 30 cycles, this 
size being chosen to suit the supply available in the Laboratories. The 
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stator-winding is similar to that shown in Figs. 4 and 6, and is arranged 
for 8 and 4 poles, so that the speeds corresponding to synchronous 
running are respectively 450 and goo revs. per minute. The motor 
was built by Messrs. Mavor and Coulson, Ltd., Glasgow, to the authors’ 
design, with leading dimensions as follows :— 


External diameter of stator core ns .. 457 mm. 
Internal si nn. ibo T 55. 300° 5 
Length of stator core  ... T ЕРА .. 160 ,, 
Air-gap Po ns 2А wae -— же UB. ж 


The stator has 48 semi-closed slots, each of those allocated to the 
main-winding containing 9 conductors, while those of the field-winding 
contain 10 conductors. The armature has 49 slots, each containing 12 
conductors connected in a two-circuit wave-winding without resistance 
connectors. The commutator has a diameter of 216 mm. with 147 
segments, and is fitted with eight sets of brushes, each having two 
carbons 14 in. x { in. 

Magnetizing, short-circuit, and load tests were carried out with each 
of the two numbers of poles, and also with the brushes arranged so as 
to include alternately four and eight sets in the working circuit. For 
the sake of comparison the machine has also been tested by senior 
students as a compensated-series motor, supplied with direct and 
alternating currents, but only those tests which relate to the use of 
the machine as a pole-changing motor are given in the section that 
follows. 


MAGNETIZING TESTS. 


In the first series of magnetizing tests, the armature of the motor 
was allowed to remain stationary, while single-phase 30-cycle current 
was supplied alternately to the ficld and compensating windings of 
the stator, these being connected for 8 poles. The brushes were lifted 
off the commutator in order to avoid the demagnetizing action of 
currents in short-circuited armature coils. The tests were therefore 
similar to open-circuit tests on a transformer, the voltage induced in 
the armature windings corresponding to that induced in the secondary 
of the transformer. 

In Fig. 18, which gives the results of these tests, curves Е, and 
EZ show the voltages in the field and armature windings respectively, 
when the field-winding was used as the primary. Curves Е, and Е. 
show the voltages in the armature and compensating winding respec- 
tively, the latter being used as primary with two circuits in parallel. 

In carrying out magnetizing tests with the windings connected for 
4 poles, the armature was used as the primary and was kept running 
at the synchronous speed (9oo revs. per minute) by employing the load 
alternator as a driving motor. Comparative tests were made with the 
two diagrams of connections shown in Figs. 8 and 9, and the winding- 
factors applicable when using the whole of the armature windings, or 


= 
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alternatively half, for magnetizing were thus verified. In each case the 
stator windings were arranged so that the reconnected field-winding, 
Fig. 6, b, was coupled in series with coils I and II of the main winding, 
Fig 5, and the voltages induced in each portion were measured. The 
voltages induced in the reconnected field-winding, expressed as per- 
centages of the total voltage, are given in the following table, together 


je 


Amperes 
7) 10 20 30 40 50 во 70 80 
Fic. 18. 


with the value calculated on the assumption that the field-wave follows 
a sine curve :— 


Measured, with 4 brush connections .. 28'6 per cent. 
Measured, with 8 brush connections e. 2977 j 
Calculated, on sine-wave assumption wee 29'I " 


From these figures it appears that the field- wave approximates very 
closely to a sine-wave. The two field-waves are shown in Fig. 19, a, 
while the magnetizing curves, giving the total induced stator voltage in 
terms of the magnetizing current in the armature, are shown in Fig. 19, b. 
The ratio between the tangents of the angles marked a8 and a4 is 
measured as 1°40, which agrees very closely with the value of 1°42 
calculated on the assumption of a sine-wave field. For all practical 
purposes the field may be assumed to be a sine-wave, but naturally this 
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is only the case when care is taken in choosing the slot-step of the 
winding such that the field is not unduly distorted by the load-currents. 

The accuracy with which the torque required to drive the armature 
could be measured (by the balancing apparatus already described) has 
led the authors to make a number of measurements of the iron losses 
in the core, when running at different speeds in constant and alternat- 
ing fields of varying strengths. The amount of data obtained is con- 
siderable, and it is hoped to publish these results on another occasion. 


SHORT-CIRCUIT TESTS. 


While short-circuit tests upon commutator motors are not generally 
useful, they are nevertheless of some importance ; and particularly so 
in a pole-changing motor, where questions arise as to the effectiveness 


4 Brushes. 


8 Brushes. 
¿Amperes inj Armature. | 


о 10 20 30 90 50 60 
FiG. 19. 


of the compensation between the primary and secondary windings. 
Four sets of short-circuit tests were made, viz. two sets with the 
armature connected for 4 working brushes and two sets with 8 
working brushes. With each method of armature connection, tests 
were made with and without the reconnected field-winding (Fig. 6) 
included in the stator-circuit. The stator windings were used as the 
primary and were parallel connected, carrying a current of 70 amperes 
supplied at 30 cycles in each test. The values of the reactances 
measured were as follow :— 


With 8 working brushes with F.W. (Fig. б)... 0:435 ohm. 


» 8 - without  ,, nc ce DUIS . s 
D 4 3 with ээ )) 79 0470 33 
» 4 m without ,, y os C420 5; 


It appears that the use of the reconnected field-winding is very advan- 
tageous, especially when the armature is connected with 8 working 


292 NICHOLSON & HAIGH: SINGLE-PHASE MOTOR [12th Dec., 


brushes ; for while the reactance is only very slightly increased by its 
introduction, the output of the machine is increased by 30 per cent. 
The small increase in the reactance is remarkable when one reflects 
that the total number of turns in series is increased from 72 to 112, and 
serves to emphasize the importance of choosing the slot-step of the 
windings so as to avoid the presence of stray fields. 


Loap TESTS. 


In the load tests which are now described, the connections used 
were similar to those shown in Fig. 13. The motor was run with 8 poles 
as a plain repulsion motor and with 4 poles as a compensated-repul- 


800 


600 


0 10 20 30 зо 30 60 70 
Amperes. 
FIG. 20. 


sion motor, with 8 working brushes connected together in four pairs. 
In the latter case the armature magnetizing circuit was supplied from 
a transformer with 2 : r ratio. These connections are convenient in a 
motor of small size as no brush-shifting is necessary. Other tests in 
which brush-shifting was employed were also carried out, but as the 
results are similar they need not be dealt with in detail. 


SPEED AND TORQUE CHARACTERISTICS. 


Curves giving the relation between the speed and line current of 
the machine, supplied at various voltages, are shown in Fig. 20. The 
two sets of curves correspond to 8 and 4 poles respectively, and it will 
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be noted that the working speed ranges are in the neighbourhood of 
the synchronous speeds of 450 and goo revs. per minute. In Fig. 21 
the torque (measured in “ equivalent horse-power at 1,000 revs. per 
minute") is plotted as a function of the speed. It will be noted that 
the curve for 200 volts with 8 poles approximately overlaps the curve 
for 100 volts with 4 poles, and it follows that if the connections are 
changed over from one of these ranges to the other, the motor 
continues to run against any given torque at approximately the same 
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FIG. 21. 


speed, and no mechanical shock is experienced. For lower speeds the 
8-pole winding is supplied from transformer tappings giving 120, 150, 
or 180 volts ; while for higher speeds the 4-pole connections are used 
with 120 or 150 volts. The dotted lines indicate the speeds at which 
the contactors are operated in order to maintain a high and fairly 
uniform torque during the starting period. These speeds аге 300, 460, 
650, and 800 revs. per minute. During this process the torque varies 
between 13 and 8 “h.p. at 1,000 revs. per minute." A higher average 
torque may naturally be maintained by changing over at somewhat 
lower speeds, and in this case the motor is liable to spark slightly when 
subject to the extra load. This is especially noticeable when changing 
over to 4 poles at the lower speeds, and on this account it is preferable 
to use the 200-volt 8-pole tapping in place of the corresponding 100- 
volt 4-pole connection. 
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EFFICIENCY CHARACTERISTICS. 


In Fig. 22 two sets of curves are given showing the efficiency of the 
motor when supplied at different voltages and worked alternately with 
8 and 4 poles. It will be noted that at all speeds under 460 revs. per 
minute the efficiency given by the 8-pole connections is greater than 
that obtainable with the 4-pole connections, while the reverse is the 
case at higher speeds. It is clearly disadvantageous to use voltage 
control as a means of speed regulation over too wide a range of 
speed, and preferable, in the case of a repulsion motor, to change the 
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e 
number of poles. The use of the greater number of poles is especially 
advantageous when the motor is required to develop its maximum 
torque at low speeds. The copper and constant losses are then more 
evenly balanced, and a higher efficiency is obtained. 

In conclusion, the writers venture to express the hope that the fore- 
going investigation of the use of pole-changing windings in repulsion 
motors may be of interest to the Institution. It is not intended to 
suggest that the pole-changing motor is in general preferable to the 
compensated-series machine as a traction motor. Where low-frequency 
current is employed, it appears that the latter machine is simpler and 
equally satisfactory, as good commutation is obtainable, together with 
a sufficiently high power factor to meet practical requirements. When 
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a higher frequency is employed, the repulsion motor in which armature 
excitation is employed gives a materially higher power-factor than the 
series machine, and it may be that the pole-changing motor marks a 
sufficiently great advantage over the normal repulsion motor, as regards 
commutation, to warrant the use of the higher frequency. This question, 
however, is intimately connected with that of the economical genera- 
tion and distribution of power, consideration of which would carry us 
beyond the scope of this paper. 


DISCUSSION. 


Dr. S. P. 5мїтн: The authors have certainly dealt with the sub- 
ject very thoroughly indeed; but whilst I fully appreciate the work 
they have done, I dislike the results they have obtained. The motor 
they have developed does not appeal to me; I feel that it is funda- 
mentally wrong, and the results, to my mind, prove that it will not be 
able to establish itself for the purpose they propose. I take it that 
their main object in developing this motor is to bring forward a motor 
that might be, under certain circumstances, used for single-phase 
electric traction. It is quite true that the repulsion motor has many 
other applications and is largely used in practice, chiefly, however, 
under stationary conditions for comparatively small outputs, where a 
constant speed is required. This speed is generally chosen somewhere 
about, or a little below, synchronism, owing to certain conditions which 
make the commutation conditions somewhat better at that speed. To 
me, therefore, the only justification for introducing the pole-changing 
winding seems to be to try and develop a motor that would be suitable 
for powerful locomotives for main lines, because for suburban traffic 
or short distances we seem to be more or less standardizing the con- 
tinuous-current system. 

Considering the proposed motor from this point of view, I think it 
would be impossible to build a motor of the type that the authors 
suggest, for it is very difficult to build even a plain repulsion motor for 
large outputs such as are demanded on locomotives. The present 
demand is for locomotives between 1,000 and 2,000 h.p., to judge by 
the single-phase locomotives now being built on the Continent. It is 
customary to use one or two motors, so that in any case at least 
500 h.p. would be required, and it might be necessary to go up to 1,000 
Or 1,250 h.p. as in the new motors which will be ready for use when 
the Lótschberg tunnel is opened next year. It seems impossible, 
if one sketches out the design, to make a satisfactory repulsion motor 
for 500 h.p. or over at the low frequencies now adopted. 

Repulsion motors are quite satisfactory for small outputs. For any- 
thing up to 50 or 100 h.p. they are splendid machines, and probably 
have a great future in front of them ; but for very large outputs they 
are unsuitable. Then, in addition to that, there is this further compli- 
cation of pole changing. I listened very carefully to the remarks the 
authors made with regard to power factor, and it seems impossible, to 
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my mind, to make that satisfactory. I cannot agree with Mr. Haigh’s 
remarks about the shortened pitch. From my own experience, the 
only object in shortening the pitch, apart from saving a little copper 
and reducing the overhang, is to make the rotor winding identical with 
the stator winding, and thereby get a transformer with the minimum 
leakage and consequently the maximum power factor. Beyond that I 
cannot see how they are going to reduce the current by shortening the 
pitch. In the table that Mr. Haigh referred to on page 284, if a larger 
current is obtained in the ordinary motor that is easily explained, because 
they use fewer conductors. It is quite a simple matter to use more 
conductors and get a higher pressure. The final criterion of all such 
motors is the pressure between the brush tips, which at the present day 
must not exceed about 7 volts. Assuming a motor were designed to 
give that, I think 1t would be found that the plain repulsion motor 
would show up better than either the 4- or the 8-pole in the case given. 

The main reason why I think the motor is fundamentally wrong is 
because it is—as pointed out by the authors—limited to synchronism, 
and even with a ratio of I to 2 in the number of poles only two speeds 
will be obtained, namely, synchronism and double synchronism. It 
seems to me that, for railway work, one utterly defeats the whole object 
of introducing a commutator when one gets a motor which is still 
essentially limited to synchronous speed, despite its series characteristic. 
All synchronous or induction machines suffer from the great disad- 
vantage that they depend on the number of cycles for the speed, but 
the single-phase motors have also no inherent starting torque. To 
overcome that one brings in that big mechanical disadvantage, the 
commutator, thereby hoping to get a machine with all the good start- 
ing and regulating qualities of the continuous-current machine. For 
the sake of that a good deal is sacrificed, because all the bad qualities 
of the alternating current are introduced. If we are thus going to make 
a big sacrifice by using a commutator, it is most important that we 
get every advantage from the commutator, and not find as a secondary 
effect that the motor is still dependent upon the frequency. The 
repulsion motor is ultimately dependent upon the frequency, for the 
only proper speed for sparkless running is in the neighbourhood 
of synchronism or, in the authors’ motor, of synchronism and double 
synchronism. 

On the other hand, in the alternating-current rival, the compensated 
series motor, which is just an ordinary series machine compensated to 
do away with the reactance, and if necessary with a local field to 
support commutation, we have a motor independent of synchronous 
speed. It is certainly a worse motor than the continuous-current motor 
for ordinary use, but for traction work and for obtaining a good series 
characteristic the repulsion motor cannot be compared with it. With 
the additional complications that the authors are introducing, I think it 
will be impossible to build such a motor for a large output. The only 
promising repulsion motor for traction seems to be the Deri motor, 
where the stator can be wound for high tension, say, 10 or 15 thousand 
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volts, and starting is accomplished without any special apparatus other 
than that needed to rock the brushes out of the no-load position into 
the working position. But the trouble is that the machine remains a 
repulsion motor all the time; and I am afraid the present motor will be 
subject to the same disadvantage. Therefore, for that reason, I cannot 
think that the proposed motor will ever bring us any further forward 
in our search for a good single-phase commutator motor for traction 
work, 

Mr. RoGER T. Ѕмітн : Most railway engineers will warmly welcome 
the attempt by the authors to improve the single-phase motor for 
traction purposes. It is one of the tools used by railway engineers 
that is very much in need of improvement. The authors have been 
so modest in the claim put forward as to the advantages of their special 
design as almost to disarm criticism. I wish to speak, however, from 
the point of view of one who does not criticize design per se at all, but 
only asks for a definite result, expecting others to make a design which 
will give that result. On page 274 the authors have, I think, very 
fairly stated their reasons for making a pole-changing design of single- 
phase repulsion motor. The table on page 284 seems to me to 
show that the resulting pole-changing motor is shorter than the 
corresponding repulsion motor of equal diameter, but has a less 
output. I should like to know if this is so. The advantage for 
traction purposes in shortening the motor is inconsiderable com- 
pared with a decrease in diameter. One of the great difficulties 
with railway motors applied directly through gearing to the axle 
and not raised up as in a locomotive, is that a reasonably sized 
motor in every:case that I know of encroaches seriously on the load- 
gauge allowed by the Clearing House Rules. The underside of 
the motor is always outside the standard load gauge. It is against the 
rules, but it is accepted. Consequently any decrease in the size of a 
motor should, if possible, be in its diameter rather than in the length. 
The authors claim that the pole-changing motor is most suitable for 
small sizes, by which I presume they mean motors up to about 200 h.p., 
which is about the maximum size used for multiple-unit trains. But it 
is just this type of motor, used for a suburban service with short 
distances between stops, in which weight is of the utmost importance, 
and I would ask the authors if the weight of their pole-changing 
motor is less or greater than that of the corresponding repulsion 
motor having the same output. If the weight is not less I hardly 
think that the advantages of the design would lead to its adoption for 
multiple-unit equipment motors, though of course in smaller sizes it 
might be useful for large fans and also for electric lift and crane 
work. On page 284 the authors also say that for large motors, to which 
the last speaker referred, i.e. motors over 500 h.p. and up to, say, 
1,000 h.p. in output, this type of motor would give less output than the 
corresponding series commutator motor. I should like toask the authors 
if that comparison is on the basis of size or of weight, that is, whether 
the corresponding series commutator motor is smaller in extreme 
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overall dimensions or less in weight. In Fig. 16 on page 287 I agree 
with what the authors say, that the arrangement for halving the 
number of brushes by momentarily moving them back to the neutral 
position and so absolutely stopping the output is not a thing that can 
be considered from the point of: view of a traction motor. In Fig. 21, 
on page 293, the diagrams show that approximately there is the same 
torque at the same speed for the highest voltage with 8 poles and 
for the lowest voltage with 4 poles, which makes the change-over from 
4 to 8 poles quite possible and satisfactory for traction purposes. But 
I would ask the authors if it is always possible in a motor of this sort 
to arrange the tappings of the step-down transformer so as to obtain 
these conditions; because if it is not always possible there are going to 
be quite serious difficulties in the change-over from 4 to 8 poles. As 
far as I can gather from Fig. 22 on page 294, the authors have hardly 
made out a case for the advantages of the pole-changing repulsion 
motor except for high periodicities. They say that the advantages are 
much greater for high periodicities than for low. I should like to ask 
them what exactly is meant by high periodicity. I do not think that 
anybody would, for traction purposes, ever use more than 25 periods; 
and I assume that the advantages of this arrangement, as far as periodicity 
is concerned, only come in when the number of periods is considerably 
above 25. In connection with the measurement of the torque of the 
alternator driven by the motor under test, the stator is carried on ball 
bearings so that the torque can be actually weighed. In all other cases 
which I have seen of that form of torque measurement the stator has 
been supported on knife-edges and not on ball bearings. The authors 
must have had a great deal of experience with this machine. If the 
ball-bearing suspension is as satisfactory from the point of view of 
negligible friction as the knife-edge it must be a much more satisfac- 
tory mechanical form of torque measurement than the knife-edge 
arrangement. I would ask if this is their experience. 

Mr. W. M. Мокреү: I wish to refer only to a side-issue in the 
paper. The authors describe, and illustrate by Fig. 17, an interesting 
machine on which measurements of considerable accuracy can clearly 
be made. ‘They state they have made a number of such measurements 
of the iron losses in the core of the rotor when running at various 
speeds, both with direct and alternate currents. They hope to publish 
the results on another occasion. Allow me to encourage them in that 
intention, and to make a suggestion. One of the outstanding questions 
connected with the magnetization of iron in dynamos—a question 
which might perhaps usefully be taken up by the Research Committee 
which the Council has just formed—is the difference between the losses 
with a rotating flux and with an alternating flux of the same frequency 
and density. I do not think there is much reliable information pub- 
lished on that question ; it is a practical question on which dynamo 
designers would probably be very glad of accurate information. In- 
creased core losses with a rotating flux—as was found with an alternating 
flux—are often apparently considerable, partly no doubt because tbey 
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are made to include pole-piece or other losses which are not properly 
iron-core losses at all. My suggestion is that for the purpose of such 
losses the authors might use their machine in a particular way, keeping 
both rotor and stator fixed—except, of course, so far as the stator may 
move about its zero position —I may illustrate what I mean by a diagram 
(Fig. А). The two-phase stator S carries a graduated arm, A, on which is a 
weight, W, adjustable in amount or position. R is the rotor, which I 
propose should also remain stationary. Now if S is magnetized as a 
two-phase stator, the equivalent of a rotating direct-current field will pass 
through the fixed rotor R, the induction in which may be measured on 
certain assumptions by a suitable fixed winding. The stator S will tend 
to follow the rotating magnetism and will be brought back to zero by 
adjustment of W ; this will give the energy, the speed of the rotating 
magnetism being known from the frequency. If there is anything 
in this suggestion it should be possible to get the effect of rotation 
without having to revolve either the field magnet or the armature, 
and without having to make any correction for friction. 


Fic. A. 


Mr. W. E. BURNAND: These commutator motors are chiefly used for 
starting up heavy loads; and unfortunately it is at starting that the 
awkward features of the machine are most in evidence. There is its 
reactance, mainly of the field winding ; the short-circuit current in the 
armature coil under the brushes ; and then, when it begins to move, 
the usual sparking due to the self-induction of the coil undergoing 
commutation. As is pointed out in the paper, the field reactance is 
minimized by using a very small air-gap ; but it is unfortunate that that 
small air-gap increases the self-induction of the armature coils, so that it 
makes the sparking very much worse when the machine is running. I 
think that is an argument for the use of a non-uniform air-gap. This is 
applicable to the plain series machine, but in a repulsion motor it is a 
disadvantage, as it would upset to some extent the rotary field; it 
would make it non-uniform, and it would increase the loss. Probably 
the worst feature is the very heavy short-circuit current at the moment 
when the motor starts up. That is evidently a very serious defect, 
because if one looks at any alternating-current driven train one finds the 
initial acceleration is very slight. That is due to the large amount of 
energy that has to be got rid of in a very limited space in the 
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resistances between the armature winding and commutator bars, to 
keep down the short-circuit current. Another point is that this heavy 
current through the short-circuited coil is acting almost directly 
against the main flux, thus making it doubly serious. The only way I 
know of to get over that, is to utilize an open-circuit type of winding. 
This brings the short-circuited coil into a neutral part of the field with 
little or no tendency for a heavy current to circulate. I believe that 
method has been proposed by Steinmetz in America. It removes the 
difficulties connected with starting and the heavy short-circuit current 
through the brushes, but it introduces other difficulties as soon as the 
motor starts. The commutation conditions of an open-circuit winding 
are very difficult, but I have no doubt that they can be overcome. 

I think that the future machine for starting up with a heavy load will 
resemble very closely the continuous-current type of machine ; that is, 
it will be a plain series salient-pole machine, but with an open-circuit 
winding and compensated windings for the armature. It is rather 
curious that my first attempt to make a motor, some twenty years ago, 
combined all these features. Since then I have built a number of 
alternating-current commutator motors, and although I favour the 
straight series machine, when these have been tried I have nearly 
always found them give better performances as repulsion machines. 
I do not think, however, that is going to be the final type. I notice 
the very low average efficiency shown in Fig. 22, and the rapidity 
with which it decreases as the speed is reduced. I think it is quite 
evident from these curves in Fig. 22 that for stationary work, where 
two or three phases are available, the ordinary slip-ring motor would 
give a better performance ; that is, wherever the load near synchronous 
speed is on for any length of time, say even two or three times the 
starting period, it would give a much better result than a commutator 
motor as now made. 

Mr. B. PARKER HAIGH (in reply): Dr. Smith has pointed out the 
difficulties that exist in regard to the voltage induced between the 
brush tips in all repulsion motors. The difficulties are exactly 
the same when starting any compensated series motor. It does not 
matter of which type the motor is, the difficulty is the same when 
there is an equal number of poles in each. The pole-changing motor 
was devised with the idea of limiting this difficulty. The number of 
turns given in the table on page 284 is not chosen haphazard, but so 
that under working conditions the liability to sparking is the same in 
the three motors. Therefore it is not a fair argument to use against 
the pole-changing motor, that the greater number of turns with which 
it is credited here is simply a handicap. That is not the case. The 
difficulty with regard to the sparking at starting is the same in each 
of these three motors, and therefore I claim that the comparison is 
fair. 

The maximum voltage that exists between the brush tips in the case 
of an ordinary repulsion motor has got to be measured when the motor 
is standing still. In the case of the pole-changing motor, on the other 
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hand, it is only necessary to measure that voltage when the motor is 
running at half-speed, because from no-speed up to half-speed the 
4-pole connections are not intended to be used; only the 8-pole con- 
nections would be used, and these give little or no trouble as regards 
sparking. That point, however, is dealt with in the portion of the 
paper that precedes the table, so that I need not now go into the 
matter more fully. 

I think that the synchronous character of the repulsion machine 
was perhaps overrated. It is a series machine in its characteristic, 
and except in its advantages does not differ from the compensated 
series machine as regards synchronous speed. The one respect in 
which the repulsion machine is handicapped by considerations of syn- 
chronism is that it is not always possible to use as many poles as may 
be desired—and it is precisely here that the feature of pole-changing 
offcrs advantages. 

I only suggest that the pole-changing motor is suitable for machines 
of moderate size. In very large motors the present practice seems to 
Бе {о use a low frequency and a compensated series machine. In reply 
to Mr. Roger Smith, a number of calculations that I have made show that 
in the case of large motors of 500 to 1,500 h.p. the series motor is con- 
siderably lighter, although of about the same overall dimensions. When 
we speak of comparatively high frequencies, we mean only moderately 
high frequencies. I would call 25, therefore, a high frequency for work 
of this class. There are undoubtedly great advantages to be gained 
if we can use such a moderately high frequency instead of being 
forced to use such extremely low frequencies as have become common 
for single-phase work. Those who are likely to adopt single-phase 
motors would much more readily do so, I think, if they could adopt 
such a frequency as would render their generators available for other 
purposes as well as railway traction. The reduction in the dimensions 
that can be effected through using the pole-changing motor is, as 
Mr. Roger Smith points out, mainly on the length, and that is not the 
direction in which a reduction would be most valuable; but to a 
certan extent a compromise can be effected between the diameter 
апа length. The design of most single-phase motors has been so very 
cramped that I think mechanical engineers would very willingly accept 
€ven a reduction in the length as tending towards reliability in service, 
which is no small matter. 

The tappings from the transformer can be quite easily arranged so 
as to give a smooth change-over: Thus in Fig. 13 it will be seen that 
the tapping which we may term the “negative” from the transformer 
is made at a lower position for the 8-pole repulsion motor connections 
than that which is used for the 4-pole compensated-repulsion machine. 
That means that the voltages which are used in that particular case for 
repulsion work with 8 poles are, on the whole, higher than those used 
with the 4-pole compensated connections. There is no difficulty in 
arranging such tappings. It will be noticed that the pole-changing 
connections are greatly simplified by the fact that two speeds are 
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available for each transformer voltage, instead of only one as in 
ordinary motors. 

Mr. J. S. NICHOLSON (in reply): I should like to make a few remarks 
on the comments of Mr. Roger Smith and Mr. Mordey with reference 
to the measurement of the torque of the single-phase motor. Mr. 
Roger Smith mentioned the probable advantage of ball bearings over 
knife-edge supports for the stator of the alternator which served as a 
brake. We have had no experience of knife-edge supports in this con- 
nection, but so far as this machine is concerned we had no difficulty in 
measuring accurately the small torque required to rotate the armature 
of the single-phase motor in its magnetic field (the alternator serving 
as a synchronous motor to rotate the armature of the single-phase 
motor) On load tests the torque was probably measured with a 
greater degree of accuracy than was the electrical input to the motor. 
The slight amount of vibration served to make the ball bearings 
practically frictionless. This was proved by the fact that when a 
balance had been obtained and the brake lever was raised or 
lowered a short distance, it returned at once to its former position 
of equilibrium. 

The diameter of the ball race should be kept as small as possible. 
In the present instance a couple of cone-shaped cast-iron pieces were 
bolted to the end-shields of the alternator. These carried the ball 
races, as shown in Fig. 17, the whole machine being supported by two 
cast-iron columns bored to fit the ball races. The ball bearings are 
certainly a more satisfactory mechanical arrangement than knife edges. 
With this arrangement of brake the only possible error would lie in 
the recording of the windage torque of the brake rotor. The alter- 
nator, however, is practically completely enclosed so that the windage 
torque is included in the brake readings. In any case, supposing there 
was a big windage torque, we could uncouple the brake alternator and 
run the alternator as a motor. The torque recorded by the lever would 
then be the windage torque. 

Mr. Mordey’s suggestion for the measurement of the losses in the 
core of the rotor due to alternating or rotating fields is, in my opinion, 
excellent ; I hope we shall be able to adopt it and thus confirm the 
results already obtained. We have carried out a considerable number 
of tests on iron losses by measuring the torque required to rotate the 
rotor at various speeds in the magnetic fields, and to avoid compli- 
cations we have also got an additional rotor core from Messrs. Mavor 
and Coulson without slots ; we are starting experiments with this. 
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Proceedings of the Five Hundred and Forty-sixth 
Ordinary Meeting of the Institution of Electrical 
Engineers, held on Thursday, 19th December, 


1912—Mr. W. Duppe tt, F.R.S., President, in 
the chair. 


The minutes of the Ordinary Meeting held on 12th December, 
I912, were taken as read, and confirmed. 


Messrs. I. H. Jenkins and R. W. Hughman were appointed 
scrutineers of the ballot for the election and transfer of members, and, 


at the end of the meeting, the result of the ballot was declared as 
follows :— 


ELECTIONS. 
As Members. 
James Conner. James Wagner. 
Graham Morton Stevenson. John Crum Whitmoyer. 
As Associate Members. 
Lawrence G. Bennet. Sidney John Hough. 
Augustus Oscar Buckingham. Reginald Lewis Jenkins. 
Arthur Edward Clarke. James Joseph Kavanagh. 
"Thomas Ingram Craig. Alfred George Knapp. 
Charles George Cutbush. Robert Hermann Kulske. 
"Thomas Emile Dransfield. Alban Lewis Lovill. 
James Frederick Driver. Andrew G. L. McNaughton. 
Samuel Ferguson. Beaufoi John Moore. 
Walter William E. French. Richard D. Thomas-Jones. 
David Fulton. Frederick Thompson. 
George Lawrence Gifford. John Thomson. 
Herbert Henry Gresswell. Robert Townend. 
Ehret Ernest Grover. Joseph Tronche. 
John Hirst. Alec Edward Guy Wood. 


William Woodward. 


As Associales. 


Thomas Willis Cole. | George Franklin. 
William Henry Wilson. 
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As Graduates. 


D. Visvanath Ayya. Donald Courtney Jewell. 
Willie Barraclough. Thomas Sidney L. Mann. 
Harold Bishop. Gordon Juro Orchiston. 
P. C. Chakravarti, B.A. Ernest Richard Phillips. 
William Randolph Churchill. Harry Hollins Powell. 
john Rhys Danson. Ernest Bloxidge Preston. 
Leslie James Doudney. Laurie Stuart Richardson. 
William Henry Duncan. John Wilfred Rodger. 
Edgar William Fleming. Robert Kidd Simpson. 
Walter Trevethan Hilder. John Edward Walker. 

As Students. 
Charles James R. Alsford. Lewis Aylmer Fookes. 
T. К. Ramasami Ayengar. Cyril Herbert Ford. _ 
Edward Gentleman Bannister. Gordon Minter Frieake. 
Ernest Blakemore. Harrold Cracroft Gibson. 
Guy Desmond Canton. Leslie John Hancock. 
Edward Lawrence Chadwick. William Gordon C. Jackson. 
Claude Stuart Coombs. Hugh Lioncl de K. Millington. 
Wilfred Windham Cooper. Samuel Emil Newman. 
Edward James Edgar. | Walaiti Ram. 


Maurice Ord F. England. ' James Theodore Rodwell. 
George Ferneaux. | John Gale Wellings. 


TRANSFERS, 


From the class of Associate Members to that of Members :— 
Arthur James Abraham. | Arthur Stephens Herbert. 


William Thomson Anderson. William Thomas Hodgson. 
Arthur William Ashton. Edward Massey Hollingsworth. 


Wellesley Curran Clinton. Percival André Lundberg. 
Claud Crompton. Joseph Lustgarten, M.Sc. 
Arthur Dimmack. Norman Wm. Prangncell. 
Harry Percy Girling. Frederick Walter Purse. 
Sydney Elliot Glendenning. Herbert Walter Ridley. 
Lawford Stanley F. Grant. William M. Selvey. 


From the class of Associates to that of Members :— 
Henry Melville Ackery. 


From the class of Associates to that of Associate Members :— 


Richard Gilbert Allen. Robert Alex. Downes Macalister. 
Ernest Vincent Graham. John Francis McMahon. 
Arthur P. Hutchinson. Reginald Savory. 


From the class of Associates to that of Graduates :— 
Charles Edward Clayton. 
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From the class of Students to that of Associate Members :— 


Frank Embleton Allen. Lionel Douglas Leonard. 
William John Adcock Anderson. Alexander Rodger McCallum. 
Arthur Chantrey Baker. Alexander Simpson MacWhirter. 
Christopher Charles Casperd. Kenneth Graeme Maxwell. 
Bernard Alfred M. Cooper. Thomas D'Arcy Nassau. 

Harry Norman Cunliffe. Henry Hartley Pearson. 

Ronald Stuart Dolley more. Edward Stanton Ritter. 

Clarence Harold Lauth. Harry Gilkes Sharp. 

Frederic H. R. Lavender. Maurice E. F. Shuttleworth. 
l'rancis A. Lawson. Frederick Herbert Williams. 


From the class of Students to that of Graduates :— 
Francis Edgar Burnett. | Amulya Charan Mukherjee. 


The PRESIDENT : I have to announce that Mr. Hirst has presented 
to the Institution a complete set of the Electrician portraits of the 
early electrical engineers. 

A vote of thanks to Mr. Hirst was carried by acclamation. 

À paper by Professor Silvanus P. Thompson, Past President, en- 
tiled “The Aims and Work of the International Electrotechnical 
Commission” (see page 306), was read and discussed, and the meeting 
adjourned at 10.6 p.m. 

Before reading his paper, Professor Thompson announced that 
Mr. Le Maistre, the Secretary of the International Electrotechnical 
Commission, had received the following telegram from Mr. Arthur 
Balfour : “ Should greatly like to be present Thursday, but unfortu- 
nately have engagement in the country. Please to convey my 
great regret.” 
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THE AIMS AND WORK OF THE INTER- 
NATIONAL ELECTROTECHNICAL COMMISSION. 


By PROFESSOR SILVANUS P. THOMPSON, D.Sc., F.R.S., 
Past President. 


(Paper read before THE INSTITUTION 19fh December, 1912.) 


This address is prepared in consequence of a request made in 
January, 1912, by the Papers Committee of the Institution of Electrical 
Engineers, that a report should be presented upon the objects of the 
organization known as the International Electrotechnical Commission, 
and upon the work which it has already accomplished. To fulfil the 
aim of giving an account of that organization it is expedient to prefix 
some general observations upon the prior development of electrical 
affairs, and upon the antecedent events which led to the formation of 
the Commission. | 

It is self-evident that as science grows, and as its industrial applica- 
tions develop, there will follow a growth and development of scientific 
ideas, entailing a corresponding growth in the technical terms in which 
those ideas are expressed. Now in every civilized nation there are 
independent advances made both in scientific discovery and in 
technical invention. And since the work of the independent pioneers 
who from time to time arise is the product both of the individual 
genius and of his environment, it must needs be expressed in terms 
that are tinged with the idiosyncrasies of the language of the nation 
in which the discovery or invention appears. Hence it necessarily 
follows that in different nations differences of usage arise in the em- 
ployment and connotation of scientific terms, and in the methods 
adopted for the description and specification of thc apparatus and 
machines which the advance of science has brought into being. 

On the other hand, in the progress of civilization in general, and in 
the development of the national resources of the various peoples, the 
most potent factor has ever been, and will ever be, the interchange of 
. natural products and manufactured commodities. In a word, com- 
merce, the exchange, direct or indirect, of merchantable produce 
between the nations, has been the keynote of their material develop- 
ment. The great industries of the world, whether in textiles or in 
machinery, whether in steel or in chemicals, whether in the preparation 
of food-stuffs or in means of transportation, have expanded amazingly 
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in modern times ; and that amazing expansion, essentially based upon 
the commercial intercourse between the populations of different parts 
of the habitable globe, is both the result of scientific progress in the 
past and the incentive to scientific advance in the future. But the 
unification of the scientific bases of commerce is far from complete. 
Differences of race and language are far too deep-seated for any present 
possibility of a universal accord devoid of differences of usage. It is 
true that all the nations have now accepted a gold standard as the basis 
of exchange, and that a world's postal system is nearly complete. But 
in other matters the nations are far from being at one. The dream of 
one universal language is as vain as the dream of an impossible and 
barbarous Utopia of equal wealth. Even in matters that are within the 
grasp of immediate possibility the most advanced nations are the most 
conservative. While all other civilized nations of both hemispheres 
have adopted a decimalized coinage, Great Britain retains a mixed 
decimal and duodecimal system to her own great disadvantage. In so 
simple a matter as the measurement of temperature, the inhabitants of 
Great Britain, with the exception of half her scientific men, still keep 
to the irrational and arbitrary scale invented by one Fahrenheit of 
Dantzig ; while most of the European nations have adopted the more 
rationa] (though also arbitrary) scale invented by Celsius of Upsala. 
None has yet accepted the rational thermodynamic or absolute scale 
suggested sixty-four years ago by Lord Kelvin. Itisthe meteorological 
observers who block the way of international agreement in this matter. 
Nevertheless, it is essentially true that human progress and the develop- 
ment of commercial relations depend on unification of practice. Where 
should we be if every town in the empire had its own coinage, every 
county its own different system of weights and measures, every railway 
its own different gauge? At the beginnings of every new departure, 
differences of practice, of standard, inevitably arise. Then commerce 
steps in, involving broader issues. With the widening and development 
of the incipient industry unification becomes inevitable. Let us take a 
simple instance in a matter familiar to every member of this Institution. 
In the early days of telegraph engineering, the engineer found it 
necessary to be able to express numerically the values of the resistances 
offered to the flow of the current by the instruments and the batteries 
used in working the telegraph lines. Having need of some standard in 
which to express such values, what standard would he more naturally 
adopt than a fixed length, whether a mile or a foot, of the particular 
kind of wire used in his work? And so it came about that in the fifties 
and sixties the English telegraph engineer used to describe the resist- 
ances of his coils and his batteries in terms of a mile of a No. 16 gauge 
copper wire, and the French telegraph engineer in terms of 1 km. 
of iron wire 4 mm. in diameter. Then Jacobi, in Russia, proposed * as 
а standard a copper wire I m. long and 1 mm. in diameter. Werner 
von Siemens, in Germany, proposed + for his unit a column of mercury 


* Comptes Rendus, vol. 33, p. 227, 1851. 
f Poggemdorf/s Annalen, vol. 110, p. І, 1860. 


308 THOMPSON: THE AIMS AND WORK OF THE (19th Dec., 


1 m. long and 1 sq. mm. in cross-section. All these arbitrary units 
came into more or less extensive use, with a resulting confusion, since 
their values differed widely from one another. 

Take another instance where the co-ordination is still very im- 
perfect. James Watt had the genius to perceive that the duty of 
an engine must necessarily be expressed in terms of work done in 
a given time ; and, having need of a unit, he suggested the horse- 
power, which he defined in terms of British gravitational units as 
33,000 ft.-lb. per minute (at London), which is 746071 X 10? ergs 
per second,* or 746°071 watts. But when Continental engineers sought 
an equivalent measure in terms of which to express the duty of their 
engines, they must needs express that equivalent in terms of the metre 
and of the kilogram, and, to avoid awkward fractions, settled upon 
75 kg.-m. per second (at Paris) as the nearest figure, in round numbers, 
to §50 ft.-lb. per second, and they denominated it as the Cheval-vapeur, 
being equal to 7°3588 x 10? ergs per second,* or 735:88 watts. It is 
not even equivalent, being 1°386 per cent lower. Nowadays we are 
trying to get rid of both these arbitrary units, in order that we may 
adopt the international kilowatt as the unit of power. 

The impulse towards unification of electrical measures came first 
through the practical submarine telegraph pioneers, whose methods of 
electrical measurement were even in the fifties far more scientific than 
those of the professed men of science. All honour to Gauss and Weber 
for their suggestions of an absolute system of magnetic and electrical 
measurement ; but the inception of our present system of international 
units dates from a paper read at the British Association meeting of 
1861 by two distinguished telegraph engineers—Sir Charles Bright and 
Mr. Latimer Clark, both of them honoured Presidents of this Institution 
in its early days. That paper led to the formation of the historic 
Committee on Electrical Standards of the British Association, which in 
the course of its six years’ labour formulated definitions of the ohm, the 
volt, the coulomb, the farad, and the weber (now called the ampere), and 
gave the world the first approximate determination of the value of the 
standard of resistance, the ohm. We honour the names of Kelvin, 
Clerk-Maxwell, Fleeming Jenkin, Grylls Adams, and Carey Foster for 
their labours in this co-operative effort; nor do we forget that they 
enjoyed the counsels of Werner von Siemens in fixing the magnitude 
of the standard, and of Matthiessen in selecting the material—platinum- 
silver alloy—for its construction. But with the course of years the need 
was felt for increased precision and of wider agreement. ‘To the earlier 
industry of telegraphy there had now been added that of telephony ; 


* These are the values given in Latimer Clark's Dictionary of Measures (1891), where 
the pound is given as 453°5926 grammes, the foot as 30°47945 centimetres, and the 
value of the gravitation constant is given as 981:17 at London and as g8o94 at 
Paris. In. Carl Hering's Conversion Tables (1904) the horse-power is given 
as 7°45050 X 10? ergs per second, and the Cherval-vapeur as 735448 X 109; tbe 
pound being taken as 453:5924277 grammes, the foot as 304800 centimetres, and 
the gravitation constant as of the mean value 980°5966. As the constant of gravity 
at Berlin is 98127, the German Pferd-kraft of 75 kilogram-metres per second 
15 equivalent to 736'115 watts. 
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and electric lighting had sprung into existence as a new commercial 
field. A Select Committee of the House of Commons inquired, in 1879, 
into the legal questions involved in the public supply of electric energy. 
Great developments, involving vast commercial interests, were in 
advent. Legislation was impending. "The times were ripe. And so it 
came about that the years 1881-1882 witnessed three important events : 
two of them immensely helpful, the third disastrous. The first was the 
ever-memorable Electrical Exhibition at Paris ; the second the Interna- 
tional Congress of Electricity at Paris ; the third the passing of Mr. 
Chamberlain's Electric Lighting Act, which set back the industry for 
years, and had to be repealed ten years later. 

The Paris Congress of 1881, the first of its kind, was truly Inter- 
national: that is to say, it was the meeting of a body of delegates sent 
officially either by Government departments or by scientific institutions 
of recognized authority in the various nations ; and its deliberations 
were presided over by the French Minister of Posts and Telegraphs. 
The foreign Vice-Presidents were Lord Kelvin, Signor Govi, and Pro- 
fessor Hermann von Helmholtz ; while Werner von Siemens, Du Bois 
Reymond, Mascart, Clausius, Wiedemann, Lord Moulton, Rowland, 
and Eric Gerard were amongst the delegates present. Atthis Congress 
there was a strong feeling in favour of abandoning the British Associa- 
tion's unit of resistance in favour of Siemens's unit, the column of 
mercury one metre long. It had become known from measurements 
made by Joule, Rowland, Mascart, H. F. Weber, Roiti, and Lord 
Rayleigh that the numerical value of the B.A. unit was in error 
by a small percentage as compared with the theoretical “ohm.” There 
was a warm debate : but disruption was averted by a timely adjourn- 
ment, during which, by the efforts of M. Mascart and Lord Moulton, a 
compromise was arranged to accept the B.A. ohm, but to represent 
it concretely by a column of mercury of appropriate length, the 
precise specification of which was to be fixed after further researches 
at an adjourned conference in the next year. The names of the 
electrical units—ohm, voll, coulomb, and farad—were agreed to, but the 
name of the unit of current was, on the motion of von Helmholtz, 
changed from weber to ampere, in honour of the great French savant. 
Thus was international agreement on units secured by mutual con- 
cessions. The commission charged with determining the ohm met in 
1882, adjourned to 1884, and then adopted for acceptance during 
the next ten years, as representing the ohm, a mercurial column 
106 cm. long, though it was known that the true value was nearer 
106 cm. Тһе second Paris Congress of 1889 adopted the wat! 
and the joule, also the unit of self-induction of то? cm., or one 
quadrant of the earth. In December, 1890, the Board of Trade 
appointed a Committee consisting of two members each from the 
Board itself, the General Post Office, the Royal Society, the British 
Association, and the Institution of Electrical Engineers, to advise it as 
to adopting with legal force the denominations of the various electrical 
Standards as settled in 1889. On that Committee, which met from 
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January to July, 1891, we find the names of Lord Kelvin, Lord Rayleigh, 
Dr. Glazebrook, Professor Carey Foster, and Professor Ayrton. The 
result was the Order in Council of August, 1894, which gave legal force 
in Great Britain to the standards in the custody of the Board of Trade 
for the ohm, voli, and ampere. 

All that has occurred since 1889 in the matter of units has been in 
the direction of more precise specification of their values. At the 
British Association meeting of 1892 at Edinburgh, the length of the 
mercury column was reaffirmed at 106°3 cm. at o°C.; but instead of pre- 
scribing its cross-section, its mass was declared to be 14/4521 grm. At 
the International Electrical Congress of Chicago, in 1893, the five 
fundamental units were reaffirmed, with the adjective “international ” 
prefixed to each of them. The name henry was assigned to the unit of 
self-induction, and the joule and the watt were defined as units of work 
and of power, respectively, in the centimetre-gramme-second system, 
irrespective of any electrical quantities whatever. The third Paris 
Congress, of 1900, added the names of maxwell and gauss to denote the 
units of magnetic flux and of intensity of magnetic field, respectively. 

The different nations, however, had followed no uniform plan in 
giving legislative effect to the various resolutions of the Congresses. 
Some had already ratified the earlier suggestions, others had waited for 
riper results ; and though the discordance thereby stereotyped was not 
great, yet it was great enough to arouse fears of future trouble. But 
meantime a new and powerful influence was making itself felt. The 
establishment of the Reichsanstalt at Berlin, with its standardizing 
laboratories and highly trained staff, was followed by similar creations 
in other countries. France, in its Laboratoire Centrale d'Electricite ; 
England, in its National Physical Laboratory at Bushy House; the 
United States, in its Bureau of Standards, have now first-rate institutions 
for the scientific determination of the electrical standards and their 
comparison with one another and with the units which they represent. 
Informal conferences between the representatives of the great labora- 
tories are continually taking place. One was held at Charlottenburg in 
October, 1905, with the late M. Mascart in the chair. Sometimes a 
representative of one laboratory will reside for a month or two at 
another laboratory while joint tests or joint comparisons of standards 
are made. When three or four great laboratories, after such com- 
parisons, concur in judgment, there is little room for doubt or delay. 
Hence the long-vexed question of the units has been practically removed 
from the debating ground of congresses, and from subjection to the 
opinions of university professors. The last International Conference 
on Electrical Units and Standards, which met in London in 1908, and 
consisted of Government delegates only, did little more than register 
the definitions of the International units ; and though in the exercise of 
its collective wisdom it decided by a majority vote to affix two zeros to 
the figure of 106°3, which represents in mercury units the value of the 
ohm—a figure known to be almost certainly inaccurate by about one 
part in five thousand—it left a loop-hole for escape by creating a per- 
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manent committee to deal with the matter when the great laboratories 
have made their final comparisons. 

No more need be said about this long labour of years.* The purely 
scientific units may be regarded as for all practical purposes fixed by 
the concordance and co-operation of the great laboratories. 

But if the question of the fixing of the units has thus been receding 
into the background, as a thing judged, other questions of a more com- 
mercial import have gradually been coming forward; and as these 
involve both national and international issues they have needed a new 
organization to deal with them. Reference was made at the outset to 
differences of language and usage in the description and specification 
of apparatus and machines. With the growth of the heavy electrical 
industries these differences have become more serious. Electrical 
machines and appliances have become so essential a feature in every 
engineering project that international agreement as to the exact mean- 
ings of technical terms, the rating of machinery, and the general 
methods of testing and specifying electric machinery, is becoming 
vitally important. The scientific foundation of the electrical industry, 
as Mr. Arthur Balfour once said, is common to the whole civilized 
world; yet the actual terminology employed has often very different 
meanings in different language. Let a simple example suffice. 

The word dynamo, spelled in identically the same way, is in current 
use in English, French, German, and several other languages, but does 
not mean the same thing in them all. In England, though usage varies 
somewhat, the term usually means a continuous-current generator, and 
does not include any alternator or any motor. In France it is used as 
the abbreviation of the. full term machine dynamoélectrique, and includes 
any revolving electrical generator, alternator, motor, or converter. In 
Germany, where the word first came into any extensive employment, it 
means any generator, whether of continuous or alternating currents, but 
does not include motorsor converters. In Francea convertisseur means 
what we call a motor-generator (group machine), while what we іп 
England call a converter is a commutatrice; and the French term 
moteur-générateur has been generally used for what we Britons call a 
continuous-current transformer. 

It ought not to be beyond the bounds of reasonable possibility for 
some mutual understanding to be reached on matters of definition of 
this sort. Personally I would be quite willing to alter my usage of the 
word dynamo and accept either the German or the French usage, pro- 
vided that either our French friends would adopt the German usage or 
our German friends the French usage. As regards the series of terms 
for those machines which convert currents or voltages in various ways, 
I prefer logically to keep the group-word motor-generaior for the group- 
machine, the hyphen between the constituent words corresponding to 
the coupling between the constituent machines; and I am not without 
hopes that our friends across the Channel, who in all matters of lan- 


. * The admirable work by the Comte de Baillehache, Unités Electriques, published 
10 1909, gives a very complete account of the whole question of units. 
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guage are usually so much more logical than we, will recognize the 
preference. A unification in nomenclature is the more essential 
because the mischief that arises in disputes about specifications and 
contracts is almost invariably due to looseness of language and want 
of precision in definitions. In no branch is this of more importance 
than in the specification of machinery. 

It would undoubtedly be of great advantage to an engineer if he 
were able to draft his specifications in terms which were practically 
identical with those in use, not only in his own country, but also in 
other countries in which similar apparatus isemployed. What an amount 
of misunderstanding would be avoided if this were made possible ! 

At the present time a motor correctly described as a 10-kw. motor 
in one country is not necessarily a 10-kw. motor in another country, 
because the usages and regulations as to rating and the requirements 
as to the physical tests which are made to determine the normal output 
of the motor differ in different countries. Surely the same tests should 
be required and the same temperature-rises should be named as per- 
missible in the determination of the normal rating, in whatever country 
the machine is constructed ; otherwise the intending purchaser who 1s 
offered, by rivals in trade, machines of nominally the same output has 
no guarantee that the competition is a fair one. 

Thirdly, there is at present a great divergence of practice in the use 
of symbols employed to represent the various electrical quantities, 
leading to a most annoying waste of time and energy. Not only does 
the usage of symbols vary between one country and another, but 
within one country—and this is unfortunately more flagrant in Great 
Britain than inany other country—it varies between individual writers. 
There are scarcely two textbooks which employ the same symbols, and 
even №. the pages of the Fournal of our Institution there is по con- 
cordance between the symbols used by the writer of one paper and 
the writer of another. The Papers Committee, it is true, attempts 
from time to time to suggest to the authors of papers that their nomen- 
clature is irregular, that their symbols are unconventional. But it has 
no power to compel uniformity, and it is doubtful whether such power 
of compulsion would be entirely beneficial. 

Now it is well known that these various problems have received 
much study and attention. The Americans, however, were the first 
seriously to consider the question of the classification of electrical 
machinery, and the American Institute of Electrical Engineers adopted 
areport of a Committee under the chairmanship of Dr. Francis B. 
Crocker in 1899. Gradually several other countries followed suit and 
drew up reports which have been of undoubted assistance to the 
industry adopting such reports. Again, the German organization of 
engineers and professional men of the German-speaking nations— 
known as the AEF.*—has for the last dozen or more years been 
grappling with the whole subject of symbols. It is no small advantage 
to the I.E.C. that it has now obtained the co-operation of this powerful 


* Ausschuss für Einheiten und Formelgróssen. 
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body, which is represented with us by Geheimrat Oberpostrat Professor 
Dr. K. Strecker. 

In 1901, under the auspices of the Institution of Civil Engineers, 
the British Engineering Standards Committee was formed, Sir William 
Preece, K.C.B., and Colonel R. E. Crompton, C.B., being nominated as 
the representatives of the British Institution of Electrical Engineers on 
that body. The excellent work of that Committee is well known and 
need not here be referred to in detail. 

But the time was ripe for some much more determined effort, and 
one which should not depend on sporadic efforts at Congresses, but 
which should possess a fully organized existence. And that more com- 
plete organization has come about in the following manner. 

At the St. Louis International Congress of September, 1904, the 
delegates of the British Government to the Chamber of Delegates, the 
official inner circle of the Congress, were Colonel Crompton, Professor 
Perry, and Dr. Glazebrook. Mr. R. Kaye Gray and Mr. W. Duddell, 
though not Government delegates, were present representing this 
Institution, as were others also. 

Mr. Duddell’s report on the work of the St. Louis Congress is to 
be found in our Fournal.* At St. Louis a paper was read by Colonel 
Crompton on the Standardization of Dynamo-electric Machinery and 
Apparatus, a topic on which none could speak with greater competence 
than he. It gave rise to much discussion. Many delegates felt that 
the time had arrived for considering these various problems inter- 
nationally, and that if international co-operation on a proper and 
permanent basis could be secured, success would be bound to follow. 
It was quite recognized that the various Congresses held from time to 
time were of too short duration to allow of the different problems 
submitted to them being studied to any depth, and consequently the 
Chamber of Delegates passed a unanimous resolution proposing the 
formation of an International Commission with an organization capable 
of giving the continuous effort so absolutely necessary for the solution 
of these and kindred problems. 

The actual resolution is as follows :— 


“That steps should be taken to secure the co-operation of the 
technical Societies of the world by the appointment of a 
representative Commission to consider the question of the 
Standardization of the Nomenclature and Ratings of Elec- 
trical Apparatus and Machinery." 


Accordingly Colonel Crompton, after his return from St. Louis, put 
himself in communication with the Institution of Civil Engineers, and 
after various tentative moves it was decided to entrust the work of 
preliminary organization to the Institution of Electrical Engineers, who 
called the delegates of fourteen countries together in June, 1906, under 
the presidency of Mr. Alexander Siemens. Lord Kelvin was elected first 
President, and Colonel Crompton Honorary Secretary. An account of 

* Fournal of the Institution of Electrical Engineers, vol. 34, p. 171, 1905. 
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this preliminary work of organization is to be found in the Presidential 
Address of Dr. Glazebrook.* 

The idea underlying the organization of the International Electro- 
technical Commission is that in each country there shall be formed, 
either by the recognized Electrotechnical Society of that country, or by 
Government, a local Electrotechnical Committee. Each country 
possessing an Electrotechnical Committee has equal rights with every 
other: each pays the same annual contribution -to the expenses of 
the central body ; each has equal voting power at those gatherings 
where the Commission meets as a whole. The statutes drawn up at 
the preliminary meeting in 1906 in London, and ratified at.the first 
meeting of the Commission itself at London in 1908, provide for the 
election and rotation of representatives, for the location of the Central 
Bureau in London, and for the election of a President and Vice- 
Presidents. 

The reference drawn up at St. Louis, U.S.A., in 1904, was necessarily 
made very broad, so as to permit the Commission, if and when formed, 
to develop freely. Moreover, at that date it was extremely difficult to 
put forward any definite outline of the route to be travelled. 

In 1906 the idea of equal vote and equal taxation was vigorously 
supported by the Americans and British at the preliminary meeting, 
though some delegates leant towards a fro rata taxation. Rotation of 
office is provided for by annual election ; though, of course, if for any 
reason the regular election does not take place, then the officers hold 
office until their successors have been appointed. Perfect liberty is 
allowed to each Electrotechnical Committee in the management of 
its own affairs, the only restriction being that its rules must not 
be incompatible with those of the Commission. As a general rule 
the decisions of any International Commission should practically be 
unanimous. It is a good thing not to attempt, in the charged atmo- 
sphere of an international meeting, to coerce a minority; for if they 
are allowed a certain time for calm consideration they may fall in with 
the desires of the majority, which otherwise they will not do ; and ata 
future meeting the same proposal coming forward may pass without 
any opposition. But to avoid the possibility of deliberate obstruction 
the decisions of the I.E.C. to be officially adopted must receive a 
majority of at least four-fifths of the countries voting, each country 
having only one vote, whatever number of delegates it may appoint. 
The official languages are English and French, in which tongues all 
debates are held and all resolutions officially expressed. 

To prevent the work falling into the hands of any clique, the statutes 
provide means for calling a meeting by the President or, in the case of 
his inability to act, by two Vice-Presidents (i.é, the Presidents of any 
two National Committees). If the Vice-Presidents do not or will not 
act, any three National Committees may request the Central Office to 
call such a meeting, and һе date must be fixed by the Central Office 
within three months of receiving the request. 


е Sournal of the Institution of Electrical Engineers, vol. 38, р 4, 1907. 
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The Council which manages the affairs of the I.E.C. consists of the 
President, the Presidents of the National. Committees, one delegate 
from each National Committee, and the Honorary Secretary. | 

The drawing up of these statutes, submitted in draft by the 
Institution of Electrical Engineers, occupied the whole of the time of 
the delegates at the preliminary meeting, at which our old friends 
Mr. C. O. Mailloux and Dr. F. B. Crocker took a leading part. At the 
final meeting they were adopted subject to subsequent ratification by 
the National Committees, and this was forthcoming in 1908. 

The real business of the International Electrotechnical Commission 
began when a meeting of the Council of the Commission took place on 
the very site of the present hall, in 1908. The British Electrotechnical 
Committee that year had Sir John Gavey as its President, and as Vice- 
Presidents Sir William Preece and Mr. Alex. Siemens ; the delegates 
whom it sent to the Council were Sir John Gavey and Dr. Glazebrook.* 
The foreign delegates, representing fifteen countries, were welcomed 
by the Rt. Hon. Mr. Arthur J. Balfour. 

Lord Kelvin had died in December, 1907, and M. Mascart, who, if 
he had survived, would have been called in succession to the presi- 
dential chair, had passed away in August, 1908. As a new President 
the Council chose Professor Elihu Thomson, from whom, in September, 
191 I, the presidency passed to its present occupant, Professor Dr. Emil 
Budde. By choosing its presidents from the various nations the Com- 
mission has found great advantage to accrue, as stimulating the sense 
of national co-operation in a work of international importance. Most 
of the time of this Council meeting was taken up with considera- 
tion of the constitution of the organization and its procedure ; but a 
certain amount of technical discussion took place on units of candle- 
power, on nomenclature, and on symbols. Here the first suggestion 
was made for a compromise with respect to the symbols used to 
represent Ohm's law. At this Council meeting, as at several other 
meetings of the I, E.C., the unusual linguistic powers of Mr. Mailloux, 
who acted as voluntary interpreter, proved of the utmost service. 

The next event was an unofficial conference held in Brussels in 
August, 1910, when the delegates were received by the President of 
the Belgian Committee, Professor Eric Gerard, one of the Secre- 
. taries of the Paris Congress of 1881. Here the question of symbols 
was raised by Dr. Kennelly and debated by M. Boucherot and 
others. М. Boucherot hinted at. the probability of the French 
accepting C for current instead of I, if the Germans would be willing 
to abandon W in favour of R for resistance. The French delegates, 
following on the lines of the late: M. Hospitalier, put forward certain 
basic rules for the use of letters as symbols, which were, after ardent 
debate, referred for consideration to the various national committees. 
It was universally agreed that it would be impossible to put forward any 


* For whom Professor Silvanus P. Thompson acted as substitute during most of 
the proceedings, owing to Dr. Glazebrook's engagements at the Conference on 
Electrical Units. 
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long list of symbols which would radically subvert the usage of many 
years, and that the only hope for international agreement on this matter 
would be to propose the adoption of a few general rules, and of a very 
restricted list of the symbols for the principal electrical quantities. In 
the matter of nomenclature Dr. Budde made two excellent suggestions : 
one was to narrow the range of discussion from electrical terms in 
gencral to a short sclected list of the terms relating to electrical 
machinery only, which he submitted ; the other was that the British, 
French, and German Committees, each should choose one delegate to 
meet and compare lists of the English, French, and German equivalents 
for these terms. Here also the first attempt was made to secure a 
discussion on the question of international rating of machinery. Here, 
too, the question was raised by Dr. Kennelly, and a resolution was 
adopted that: “Should it be desirable at any time to introduce a new 
name for an electrical unit, the name of Lord Kelvin should be brought 
forward.” On this it may be remarked that so far back as 1892 the 
Board of Trade officially proposed the name “ Kelvin” for the kilo- 
watt-hour. The personal objection which the modesty of Lord Kelvin 
raised at the time is no longer valid. We shall all agree in this: Such 
a name, if adopted for any unit at all, must be adopted by international 
and not merely local consent. Incidentally it may be mentioned that 
our German colleagues desire to put forward the name of Siemens for the 
unit of conductance. 

The small committee named to discuss international nomenclature 
met duly at Cologne in May, 1911. Dr. Budde came from Berlin, M. 
Brunswick from Paris, and the writer had the honour and responsi- 
bility of representing the British Committee ; while M. Eric Gerard, 
who had presided at Brussels, was invited to take the chair. The first- 
fruits of mutual co-operation were here harvested in the acceptance by 
all parties of the symbols E, R, I for the three principal quantities of 
Ohm's law, the Germans abandoning the use of W for resistance, and 
the English abandoning the use of C for current. This proposition 
was ratified at Turin some months later by the Commission as a whole. 
It is understood that the National Electric Light Association of 
America, which up till now has used C instead of I, does not resent the 
change. For the rest, the work of the small committee procecded 
then, and has continued at Paris, with uninterrupted harmony, though . 
divergencies of nomenclature innate in the structure of these three 
languages are by no means easy to adjust. 

It should here be remarked that a very large amount of work in the 
preparation of vocabularies has been accomplished in several direc- 
tions. The British Nomenclature Committee under Mr. A. P. Trotter 
has been slowly compiling a long list of English terms. The French 
Committee presented at Turin a very complete and carefully con- 
sidered Vocabulary, the result of the labours of M. Brunswick, 
M. Guillaume, M. Boucherot, and others, which has as yet only 
been partially compared with the lists of corresponding terms of 
other languages, The Danish Committee, through its representative, 
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Professor Absalon Larsen, has done excellent work on nomenclature, 
even though they have been handicapped by the infrequency of the 
use in that country of French and English terms. In revising our own 
English vocabulary we have willingly availed ourselves in several 
instances of improved modes of expression suggested by the Danish 
Committee. The German list of preliminary terms has already been 
mentioned, as having been presented by Dr. Budde. The Austrian 
Electrotechnische Verein has also presented a short list of terms and 
definitions. Italy, Japan, Mexico, and Switzerland have also contributed 
vocabularies which have been consulted, and which have proved of 
great assistance to the workers. 

Through the courtesy of the German Committee, the first plenary 
meeting, originally arranged to be held in Berlin, took place at Turin, 
Italy, in September, 1911, at the same time as the International 
Congress of the Applications of Electricity and the Universal Exhibi- 
tion celebrating the first fifty yearsof Italian autonomy. This Congress 
was organized by the Italian Electrical Society with the aid of the 
Italian Electrotechnical Committee, and was supported by the various 
local committees of the I.E.C. The Committee of Honour was under 
the patronage of H.R.H. the Duke of the Abruzzi, and included 
twenty-eight members, amongst whom were Professor Elihu Thomson 
and Colonel Crompton. The membership numbered about five hundred, 
including many Government representatives and delegates from various 
technical societies. 

Fifty-six delegates from nineteen different nations attended the 
meetings of the I.E.C., and for the first time in the history of the 
movement the Governments of Great Britain, British India, and 
the United States of America were officially represented. The sugges- 
tions put forward at the Brussels Conference, which had been carefully 
considered by the various Local Committees, were submitted to the 
meeting. The official decisions have been published in the résumé of 
the meeting, October, 1911, and also in the full report of the Turin 
Meeting. They include a decision as to the previously disputed 
question of the direction to be considered positive in the rotation of 
vectors. 

Although the technical work occupied most of the hours of daylight, 
yet the Italian Committee spared no pains, and indeed succeeded 
admirably in making the visit one of social plcasure as well as of 
technical accomplishment. The cordial co-operation which charac- 
terized the meeting to a marked degree is certain to be reflected in 
the work of the special committees appointed on that occasion. 

Of special interest was the resolution, unanimously adopted at a 
plenary meeting of the Congress, requesting the I.E.C. to accept the 
task of organizing future Electrotechnical Congresses in regard to the 
date, the place of meeting, and the object. 

The Local Committees of the I.E.C. have all signified their adher- 
ence to the resolution adopted by the Council in regard to this formal 
request of the Congress, and the next International Electrotechnical 
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Congress, to be held im San Francisco i in 1915, has been authorized by 
the I.E.C. 

The First Annual Report of the Commission was published in 
March, 1910, and the Second in April, 1911, and several detailed reports 
have from time to time been issued in French and English, the official 
languages of the Commission. | 

The Third Annual Report, issued in June, 1912, briefly recapitulates 
the different events which have led up to the present situation, and 
chronicles much practical progress. 

Since the issue of that Report three of the small committees 
appointed at Turin have met in Paris. The Symbols Committee, of 
which a special report has been issued, was presided over by Professor 
Paul Janet, Director of the École Supérieure d'Electricité, and was 
attended on behalf of the British Committee by Mr. L. A. Legros, 
whose peculiar and intimate knowledge of printing machinery proved 
very useful. The Nomenclature Committee, attended by Dr. Budde, 
M. Brunswick, Professor Larsen, Professor M. Ascoli, and the writer, 
continued the discussion of the vocabulary. The Committee on 
Rating, presided over by M. Boucherot, at which Mr. H. W. Miller 
attended as delegate, spent three days from 9 a.m. to 7 p.m. in 
a strenuous debate which has laid the foundation of probable inter- 
national rules for the rating of electrical machinery and apparatus. As 
far as Great Britain is concerned in this subject, the co-operation of our 
Engineering Standards Committee is proving most valuable. Further, 
the co-operation of the newly founded British Electric and Allied 
Manufacturers’ Association has opened a new avenue for winning the 
adhesion of British manufacturers as a whole. 

Through the kindness of the German Committee, the next official 
meeting is to be held in Berlin in 1913, when the delegates are sure to 
be present in large numbers to do honour to their new President, to 
whom the first practical success of the Commission is so largely due. 
Moreover, the hospitality and courtesy of the Germans is so well known 
to electricians of all nations that much social pleasure may assuredly be 
anticipated. 

Hitherto the official documents of the Commission issued by the 
Central Office here in London have been printed only in the two official 
languages, French and English, but the time would now seem to be 
ripe for attempting in the different countries to reach the wider field 
of those electricians who are not linguists, as the delegates necessarily 
must be. It is my personal hope that the efforts to introduce German 
and Spanish as translations of the official languages may be acceptable ; 
English and French being still adhered to as the media for verbal 
discussions, 

The internal organization of the Commission, and its modus 
operandi, is well illustrated by the two diagrams, Fig. 1 and Fig. 2, 
which I owe to the kindness of the General Secretary of the Com- 
mission, Mr. le Maistre, whose assistance in the preparation of this 
narrative I take this opportunity of acknowledging with gratitude. 
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The Electrotechnical Committees have a large measure of Govern- 
mental support, and the various Government representatives are of great 
assistance to the work; moreover, the Government support gives a 
standing, in their own country, to the various Committees, 

The British Indian Government is aiding the Commission financially, 
though without forming a Committee. 

Twenty-two countries are now affiliated to the movement. Con- 
siderable interest is also being evinced in the work in Argentina, 
Australia, China, Ecuador, New Zealand, Panama, Peru, Portugal, 
Roumania, Siam, and South Africa; and it is certain that, at least in 
some of these countries, an Electrotechnical Committee will be formed 
at no distant date. 

It cannot but be admitted that the generous support which the 
I.E.C. is receiving in the various countries, and the cordial way in 
which the delegates are conducting their deliberations, is bound 
to lead to useful and practical results. 'l'his promotion of a better 
understanding between electricians of various nations by general 
agreement as to terminology, symbols, and the classification of 
electrical machinery, is sure to foster the free development of inter- 
national trade and to be a general benefit both to the purchaser 
and to the maker. Last, but by no means least, these regular 
international gatherings, during which national prejudices are laid 
aside, and at which many lasting friendships are made between 
electricians of different nationalities, must undoubtedly be a not 
unimportant factor in furthering the peace of the world. 


DISCUSSION. 


Colonel R. E. B. CRoMPTON : I think we Englishmen may pride 
ourselves that the very substantial realization of a dream of electrical 
peace throughout the world has so far been carried out from the 
Central Office in London. "There can be no doubt that the countries 
which have joined the Commission have already gained greatly from 
getting into touch with one another on electrical matters, for we have 
begun to have mutual understandings and to be sympathetic. The 
friendships we have formed cannot fail to lead to the good of the 
world, and to help forward the cause of science and engineering. 
The Commission has been very fortunate in its choice of a Secre- 
tary, Mr. Le Maistre, who has shown such patience and good temper 
when dealing with the knotty questions which sometimes seem 
insoluble, that nation after nation has been brought round to work har- 
moniously together, although at first some of them were rather intract- 
able. My work has been rendered easy by the work of the Secretary. 
I think that between us we have developed a real science of making 
progress at each meeting of international committees. The success 
has been due mainly to perseverance and to our always supposing 
that the man who appeared to obstruct was really actuated by the best 
motives, and that all that was necessary was to make it clear to him 
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that we appreciate and respect his conscientious objections. Many of 
these objectors, who at first we thought were objecting for objection’s 
sake and who were delaying our work, have turned out to be our best and 
most loyal helpers when once they understood the difficulties of the posi- 
tion. I should like to echo what Professor Thompson has said, that the 
efforts of the International Electrotechnical Commission, by bringing 
into harmonious working the scientific minds of the world, will be 
a very potent force for universal peace in other directions. 

Professor MILES WALKER: Everyone connected with electrical 
engineering must recognize the useful work of the International 
Electrotechnical Commission. In particular their efforts to formulate 
rules by which the ratings of electrical machinery may be specified in 
a uniform manner by all manufacturers will result in decisions of the 
greatest value. The work of the Committees upon Nomenclature must 
necessarily be very tedious, but I cannot help thinking that it would 
be very much simplified if they would follow the methods of one of 
the technical dictionaries in which the words are grouped in a con- 
venient order and illustrated by little sketches. Why not go through 
such a dictionary word for word, amending and amplifying it where 
necessary? Then we should hope to have in the course of time a 
technical dictionary of a much improved kind, in which every word 
had the authority of the Commission behind it, instead of what is 
promised now—an incomplete list of words compiled with an enormous 
amount of independent effort, but without any sketches to show exactly 
what each word means. 

There is just one matter that I should like to refer to in connection 
with the symbols which denote mathematical operations. Now that 
we have an International Commission, it seems a pity that we should 
not make use of the opportunity of improving our mathematical 
notation for the benefit of those who come after us. Everyone 
must admit that each mathematical operation, such as multiplica- 
tion, extraction of square root, differentiation, or the turning of a 
vector quantity through a right angle, should have a distinctive symbol 
and should not be denoted by a letter of the alphabet, because letters 
of the alphabet denote quantities. It causes confusion in the student's 
mind to use the same sort of symbol for a mathematical operation as 
for a quantity. The symbol x is very much better than the symbol 


dx , 2 
dr There are not so many different mathematical operations as to 


make the invention of new symbols, for those that now have no proper 
symbols, difficult. I do hope that the International Electrotechnical 
Commission will not fail to make some effort in this direction. 

Mr. R. HAMMOND : Prior to this meeting I added up the various 
sums which the Institution has paid from time to time as its contribution 
to the expenses of the Electrotechnical Commission and its British Com- 
mittee ; they amount to £1,043. I came here to-night particularly to 
hear what we had got for that money. I am thoroughly in accord with 
Colonel Crompton and Professor Thompson as to the immense advan- 
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tage of international accord; but I feel that in addition we should 
have from time to time a report of their stewardship. We should be 
told that the International Electrotechnical Commission have decided 
upon certain things, which through the President and through this 
Institution should become binding upon British electrical engineers. 
Professor Miles Walker seems to be under the impression that the 
Nomenclature Committee have only concerned themselves with a few 
words. This, however, is not the case. As a matter of fact the Com- 
mittee have settled no words yet, but they have drafted meanings to 
about thirty pages of words. Before they issue them as their final sug- 
gestions the Committee are going to subject them to further careful 
revision. 

To illustrate how important the work is, I will instance the expres- 
sion “ Diversity Factor "—the number obtained by dividing the sum of 
the maximum loads of the individual consumers supplied from any works 
during a given period by the maximum load delivered from the works 
during the same period—a most important word from the point of view 
of those who are designing works. That is the English definition. In 
the terminology of the National Electric Light Association of America, 
however, I find diversity factor described as “ The ratio between the 
simultaneous demand of a number of individual services for a specified 
period, and the sum of the individual maximum demands of those 
services for the same period." That is to say, if we find that plant of 
54,000 kw. capacity can supply 81,000 kw. of demand on consumers’ 
premises, we should call the diversity factor 81,000 — 54,000, or 175, 
whereas the National Electric Light Association definition gives 
54,000 — 81,000, or 0°66. I consider that our definition is very appro- 
priate, because under it the product of the diversity factor and the 
consumers' load factor gives the actual load factor upon the works. 
Also when I am talking of improving the diversity factor I want to 
increase the figure, not reduce it. I have recently read Mr. S. Insull's 
paper on * The Relation of Central Station Generation to Railway 
Electrification," which appeared a month or two ago in the Proceed- 
ings of the American Institute of Electrical Engineers, and I find that 
he uses the expression “ diversity factor’’ to mean the percentage by 
which the sum of the individual maximum loads of the various under- 
takings exceeds the maximum demands for electrical energy on the 
combined undertaking. Instead, therefore, of talking of a diversity 
factor of 1°5 he would refer to the diversity factor being 50 per cent. 
It is the province of the International Electrotechnical Commission to 
formulate a meaning for diversity factor and to enforce it upon the 
world. 

The work of the International Electrotechnical Commission is not 
to endeavour to get all electrical engineers throughout the world to use 
English words, but to get all electrical engineers to describe the same 
piece of apparatus or the same phenomenon in the same terms. 
I should like to draw attention to one word which has appeared 
in the English nomenclature, and to which no previous reference has 
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been made to-night. The word is “Kelvin”; “a term officially proposed 
and authorized by the Board of Trade in May, 1892, but which has not 
come into general use, for a kilowatt-hour." I wantthis Institution and 
all English-speaking engineers to make that word come into common 
use. It is for us to adopt the term with the hope that the world may 
follow. It is important that we should at once come to a decision upon 
this point, because I notice that in the Vocabulaire Électrotechnique 
issued by the French Electrotechnical Committee, there appears 


“ Kelvin, see Kelvin effect"; and the only word in which Lord Kelvin 


is brought into the French vocabulary is under “ Effet Kelvin ou 
pelliculaire,” that is, in a definition of * Skin, Effect." Do not let us 
consign the memory of Lord Kelvin to the “ skin effect " of a conductor 
carrying an alternating current ; but just as we have Volta and Ampere 
commemorated in the description given by Parliament in their Pro- 
visional Orders, let us adopt “ Kelvin" as a most appropriate word for 
describing the useful conjunction of the two as energy. 

The Model Provisional Order of the Board of Trade which I havein 
my hand says : “ The expression ‘unit’ shall mean the energy con- 
tained in a current of 1,000 amperes flowing under an electromotive 
force of one volt during one hour "—an absolutely incorrect description. 
I hope that in redrafting this definition the Board of Trade will say 
that the unit shall mean “ the amount of energy that would be con- 
sumed which is equivalent to." In any case, let us abolish from our 
vocabulary such a stupid word as "unit." I heard a man once say: 
“I fully expect next year that our output will be increased by half a 
million units, and I shall have to put down another unit, and I am 
thinking of a unit of r,ooo units capacity." Iam sure you will heartily 
agree with me that, while we have the chance, Lord Kelvin's name 
should be adopted as descriptive of so important a term in connection 
with electrical power. Lord Kelvin was approached on the subject 
by the Board of Trade in 1892, and it was only his natural modesty 
that induced him to say, “I hardly like the honour." I do not think 
we can do a greater honour to Lord Kelvin than to adopt the word 
"Kelvin" as representing the one thing which would carry his 
name down to posterity in a more emphatic way than linking it with 
any other unit. 

Mr. A. P. TROTTER: The work which is being done by the Nomen- 
clature Sub-committee at first is merely to try to record the accepted 
usage of words among British engineers. The use of some few words 
is discouraged—such as those words that have become obsolete. After 
the terms have been gone through once, the next step will be to revise 
the work carefully, and I hope that more suggestions will be received 
than have been sent in already in regard to the published lists of what 
has been tentatively settled. Then the more difficult task will have to 
be undertaken of putting them into international shape. It is hardly 
possible, I think, to secure complete unanimity in the connotation of 
Similar terms, but a list will probably be selected upon which most 
nations can agree. The difficulties are really surprising. For example, 
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we find words in onc country which have no corresponding term at all 
in another. It is not easy to define “ Rating" for a Frenchman who 
has no such word in his language, and who has not got even “input” 
or “output.” We, as you know, have no equivalent for entre-fer ; “ air- 
gap" isa very poor equivalent. So that it will very likely be neces- 
sary to borrow. It is surprising what help the different countries can 
afford to each other. When a short vocabulary in the Danish and 
English languages was placed in the hands of the Sub-committee they 
decided without hesitation to delete some of their English definitions 
and to accept the English translation of the Danish definitions. America 
is holding her hand for the present. The Sub-committee have been in 
consultation with Dr. Kennelly, and they think there will be very few, 
if any, divergencies of any importance, so that there will be no branch- 
ing off between the two languages. There is just one other matter I 
should like to refer to, and that is the Kelvin. Twenty years ago Sir 
Courtenay Boyle, guided by intimate knowledge of the electrical indus- 
try and keen interest in all that concerned engineering and science, 
after carefully weighing the pros and cons of the matter, obtained the 
consent of the President of the Board of Trade at that time to use the 
term “Kelvin” in all Provisional Orders instead of “ Unit." The 
President cordially approved, and the decision was communicated to 
the electrical Press of the day. But a fortnight afterwards Lord 
Kelvin, on grounds of mere modesty, desired that it should be with- 
drawn. I have discussed the matter with a great many different 
people, and I know only two in this country who have any objection to 
it ; their objections were on the ground that it might not be acceptable 
to our friends on the other side of the Channel. If that difficulty could 
be removed no one need wait for any authority to use the term. 
It has already been officially sanctioned, and it can be used if 
desired. 

Mr. C. A. BAKER (communicated) : It occurs to me that in adopting 
forcign words for use in this country, or by asking foreign countries to 
adopt English words, there are considerable difficulties in selecting 
words of such simple construction that they may be easily adapted to 
the composition employed in our own or other countries. For example, 
German and Russian words are subject to declension ; alsothere are the 
important considerations of prefixes, suffixes, and hyphened combina- 
tions capable of affirming, negativing, or qualifying the original word to 
an extent that must vary with different languages ; the words also must be 
pliable in regard to variations to meet the singular and plural meanings 
arrived at by completely different processes ; and again, the sex value 
comes in as a complication in other languages that scarcely exists in the 
Englishlanguage. Those who have had occasion to spend some years in 
different Continental countries become thoroughly impressed with the 
difficulties introduced by the Babylonic effect of varying specch, 
and the extreme difficulty of producing an exact translation from 
one language to another. Much more difficult must it be to add a 
word intended to be used with equivalent value in several languages. 
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The proposal to adopt the word * Kelvin" must be most grati- Mr. Baker. 
fying to British engineers, and generally to engineers all over the 
world. This again, however, is an example where the questions of 
spelling and pronunciation are evident. In Southern Europe the letter 
“k” hardly forms part of the alphabet, although in French it is 
accepted in words of foreign origin. The proposition is, however, so 
meritorious that it might perhaps be considered desirable for tbe Insti- 
tution to hold an informal meeting of members, on the lines of that 
held last session, to discuss the advisability of adopting and promoting 
the use of the term “ Kelvin." 

Dr. SILVANUS P. THOMPSON (in reply): With regard to Professor Dr. Silvanus 
Miles Walker's criticisms I would it were possible to abandon the use "O™P#°- 
of actual letters as symbols of operation, and instead of writing “log” 
in front of a number or an algebraic symbol to tell us we have to take 
the logarithm, to invent a new symbol which is not a letter at all but 
which means that we should take the logarithm. Such a symbol we 
have in the sign for taking square root. But we should have to have a 
name that could be read : that is, it should havea name. Such symbols, 
however, except in a very few cases, have not yet been invented, 
and it really rests with mathematicians to invent them. There is one 
principle that they must necessarily conform with, namely, they must 
be capable of being printed, and of being printed by a type-setting 
machine. In these days of machine type-setting all mathematical 
printing is bound to be reformed sooner or later, because the expense 
of the hand-setting of displayed mathematical symbols will be very 
great compared with that of ordinary letterpress, simply because the 
symbols do not run on all in one straight line. Anything we can do 
towards the simplification of mathematical printing by making the 
formulz run alohg one straight line, instead of up and down over the 
page, will be to the good of future mathematics. 

The Commission are not entrusted with the making of new words. 
The electrical Press can help us immensely—they will help us I have no 
doubt—but they will notassist us if we decide to do things which are 
premature or violent in the usages of language. I am quite certain 
that those who are in the industry may help us greatly here, but will 
they support such authority as we already have? 

Will Professor Miles Walker and the manufacturers replace direct 
current by continuous current and write С.С. instead of D.C. in the 
catalogues of their machines? That is what we want. Have we 
authority to compel that? Has the editor of the J'owrnal of this Insti- 
tution the authority, whenever a paper comes in with the word 
"direct" current in it, to replace it by “continuous” current, or to 
substitute С.С. instead of D.C.? That is the authority we want, and 
which we think we have. 

As regards the technological dictionary, at our very first sitting we 
had that matter before us ; and we found it to be absolutely hopeless 
simply to take a commercial dictionary and to go through it word by 
word. When one term is being considered it cannot be considered 
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alone. Therelated terms have to be considered ; and we found it much 
better to take them in groups, to group the words, and settle them to- 
gether rather than to deal with isolated words in alphabetical order. 
We have now had a good deal of practice, and the work is going on 


much quicker than at first. 


Mr. Hammond will find the decisions come to at Turin not only in 
the Third Annual Report and in the Special Report of the Turin 
Congress, but he will find them officially reported in the ¥ournal of 
the Institution, and they were mentioned in the last Annual Report of 
the Council. 
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Proceedings of the Five Hundred and Forty-seventh 
Ordinary Meeting of the Institution of Electrical 
Engineers, held on Thursday, oth January, 1913 
—Mr. W. DuppeLL, F.R.S. President, in the 


chair. 


The minutes of the Ordinary Meeting held on 19th December, 
1912, were taken as read, and confirmed. 


The list of candidates for election and transfer approved by the 
Council for ballot was taken as read, and it was ordered that it should 


be suspended in the Hall. 


Messrs. F. T. Hall and R. W. Weekes were appointed scrutineers of 
the ballot for the election and transfer of members, and, at the end of 
the meeting, the result of the ballot was declared as follows :— 


ELECTIONS. 
As Graduates. 
William Collier Bexay. Harold George Furlong. 
William Brodie. Lewis Bradford Giles. 
Charles Edward Covell. Fred Hicks Jennings. 
Bertie Drane. Israel Ernest Poyser. 


As Students. 


Adelmar Alves. 

Abd El Gowad Ammar. 
Stuart Gordon Anderson. 
Alfredo Arias. 

Grahame George Dawson. 
Vincent Gerard S. Z. de Ferranti. 
Ernesto Alves do Rio. 
William Oliver Fenwick. 
George Victor Ross Fraser. 
Ronald Gray. 

Ernest Alfred Guthrie. 
George Haigh. 

Arthur Tyler Hitch. 


John Cyril Holden. 
Douglas Harold Jaques. 
Walter Whitworth Keen. 
William Hutton Parker Kerman. 
Daniel James McCourt. 
Gordon Spencer Marston. 
Arpelices Morales. 

K. Venkata Ramana. 
William John Rawlings. 
Benjamin Rowc. 

Olga Whately Sherwell. 
Moses Singer. 

Edmundo Wolf. 
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TRANSFERS. 
From the class of Students to that of Associate Members— 
Frederick Edward Windross. 


From the class of Students to that of Graduates— 
Frank Bailey. | George Henry Noel Reay. 


John Ernest Blair. Nagendra Nath Roy, B.Sc. 
Charles Malcolm Gillies. Atma Singh Sarkaria. 

George Eagar Francis Graham. Charles Wallace Saunders. 
Charles Bernard Gresham. Georg Friedrich R. Schmidt, B.Sc. 
Gilbert Kelsey Loveday. William Charles Stewart. 
Francis Lewis Otter. Herbert Michael Theaker. 
Nasserwanji Beramji B. Patel. Conrad Vandermin, B.Sc. 


Henry Percy Young. 


Donations to the Library were announced as having been received 
since the last meeting from J. W. Barber, W. R. Barclay, A. E. 
Berriman, Professor H. Bohle, Messrs. W. T. Glover & Co., Ltd., 
Sir R. Hadfield, C. H. Hainsworth, W. G. Kent, Messrs. Mather and 
Platt, Ltd., S. G. Neiler, Messrs. Newton & Co., G. Quincke, S. Rentell, 
W. E. Schall, United States Bureau of Standards, and Dr. H. Wilde; 
and to the Museum from G. Stoney, K. Hedges, A. W. Isenthal, and 
Professor A. Jamieson, to whom the thanks of the meeting were duly 
accorded. 

A paper by Professor Miles Walker, Member, entitled “ The Design 
of Apparatus for improving the Power Factor of Alternating-current 
Systems" (see page 329), was read and discussed, and the meeting 
adjourned at 9.38 p.m. 
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THE DESIGN OF APPARATUS FOR IMPROVING 
THE POWER FACTOR OF ALTERNATING- 
CURRENT SYSTEMS. 


By Professor MiLES WALKER, Member. 


(Paper received 8th November, 1912; read before the INSTITUTION 9 й Fanuary, 
and before the BIRMINGHAM LOCAL SECTION, 8th S'anuary, 1913.) 


It has been thought that it would be well to discuss at our Institution 
in London the whole subject of the improvement of the power factor 
of alternating-current systems. The present short paper may serve 
to open the discussion. 

In January, 1909, the author read before the Manchester Local 
Section of this Institution a paper * which gave a short survey of the 
methods that had been suggested for improving the power factor, and 
he described some experiments with Leblanc’s method. During the 
last few years several manufacturing firms have put upon the market 
apparatus for enabling induction motors to run at unity power factor, 
or even to take a leading current. It has been pointed out by 
Mr. W. M. Mordey that electric condensers can now be so cheaply 
manufactured, and are so efficient, that they can compete with the 
synchronous motor in cost and beat it in efficiency.+ Moreover, 
Professor Kapp has recently described an entirely new kind of elec- 
tric machine, a sort of dynamo-electric condenser, which has several 
features that commend it for the same kind of duty. 1 

To describe all theapparatus which has been invented and developed 
for this purpose and for kindred purposes during the last few years 
would be a very great task, and it is doubtful whether one author could 
do justice to these new machines, intimate acquaintance with any one 
of which can only be possessed by the particular designer who has 
developed it. 

This paper will be confined to a short statement of the principles 
involved and a description of the phase advancer built by the British 
Westinghouse Company. 

We may look at the cause of the lagging current in the following 
Way : The energy stored in any magnetic field consists of two factors : 

(a) The total flux ; 
(b) The magneto-motive force driving that flux. 


* S'ournal of the Institution of Electrical Engineers, vol. 42, p. 599, 1909. 
+ Ibid., vol. 43, p. 618, 1909. 
1 Electrician, vol. 69, pp. 222 and 272, 1912. 
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Now the total flux when created at a certain frequency produces a 
certain back E.M.F. in each turn encircling it, and the magneto-motive 
force requires for its production a certain number of ampere-turns. 
Thus, from the two factors—flux and magneto-motive power—we 
arrive at certain factors necessary for the production of the alternating 
magnetic field at any given frequency. These factors are :— 


1. Electromotive force per turn ; 
2. Number of turns; 
3. Amperes per turn. 


Grouping (1) and (2) together, we arrive again at two factors—volts and 
amperes—whose product represents the idle component of the power 
required to generate all the alternating fields in the distribution 
system. | 

The higher the frequency of the supply, the greater will be the idle 
component of the power required to produce the alternating field. If 
the field can be produced by a rotating magnet (as, for instance, in a 
synchronous motor) excited by continuous current, the frequency of the 
current being zero, no idle component is necessary. Indeed, by 
supplying more continuous current turns than are necessary to pro- 
duce the magnetic field in any particular machine, it is possible to 
create in the system a leading current, which will compensate for a 
lagging current in another part of the system. The field current in the 
magnet of an alternator may be said to have two functions :— 


I. To produce the magnetic field which generates the electro- 
motive force in the alternator itself. 

2. To supply an additional magneto-motive force, which by means 
of a wattless current is communicated to all the machines in 
the system that have not got continuous-current excitation 
themselves. 


If we are to reduce the wattless current we must either use 
machinery requiring weak magnetic fields, or we must provide 
independent means of magnetizing the fields. A modern transformer 
does not take a large wattless component in proportion to its output, 
because though the total flux generated may be great, the magneto- 
motive force required to produce that flux is very small. An induction 
motor, however, having necessarily an air-gap and coils of considerable 
magnetic leakage, has in it a magnetic field which requires a wattless 
component of 25 to 30 per cent of the kilovolt-ampere rating of the 
motor. For this reason the induction motor is the main cause of 
low power factors on our alternating-current systems. 

If now the magnetizing current of an induction motor can be 
supplied at the frequency of the slip (say, one cycle per second) instead 
of at the frequency of supply (say, 5o cycles per second), the wattless 
magnetizing kilovolt-amperes are very much reduced. 

In 1895, M. Leblanc proposed to supply the magnetizing current to 
the rotors of induction motors and generators by means of special 
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exciters, which consisted of commutating alternating-current generators 
whose magnets were excited by the rotor currents.* 

The method can be most easily followed when applied to a rotor 
wound for two phases. In Fig. т W, and W, represent the windings 
in two phases of the rotor. E, and E, are the armatures of the two 
exciters. These exciters may be made like single-phase series motors, 
provided with compensating windings. The current from the phase 
W, passes from the collector ring through the compensating winding 
C, through the armature E,, and then through the field F, of the 
exciter in phase B, and thence to the star-point O. The current from 
phase W, passes through the compensating winding C,, through the 


Fic. 1.—Leblanc’s Exciters for Two-phase Rotor (1895), 


armature E,, and then through the field F, of the exciter in phase A 
and to the star-point. The induction motor can be started up by 
means of the resistances Ra, Rs, the exciters being short-circuited. 
When the motor is running, the armature E, has generated in it an 
E.M.F. which is in phase with the current in phase В; and if the 
polarity of the poles is properly arranged, this E.M.F. will be leading 
90* on the current in phase A. Similarly the armature E, can be made 
to supply an E.M.F. whose phase would lead by 9o? on the current in 
phase B. This has the effect of making the currents in the rotor take 
up a phase in advance of the E.M,F. produced in the rotor ; so that not 
only can the magnetic field of the induction motor be created by the 
rotor currents, but the current in the stator can be made to lead on the 


* Patent specification, No. 15470 of 1895. 
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E.M.F. of the supply. The clock diagram, Fig. 2, shows the phase 
relations between the various currents and the E.M.F.’s. OW, repre- 
sents the E.M.F. generated in the rotor circuit by the slip. W,D, 
represents the E. M.F. generated in the armature of the exciter. D.C, 
represents the drop due to the impedance in various parts of the 
circuit, and C, O represents the drop in the resistance of phase A of the 
rotor winding. The current in phase A has, of course, the phase posi- 
tion OC, ; thus it is leading on the E.M.F. О W,, the clock diagram 
being supposed to be rotating in the direction indicated by the arrow. 
It will be seen that the line W, D, is parallel to the line O С,, because 
the current OC, excites the armature in phase A. Similarly the E.M.F. 
У, D, is parallel to the line OC,. By increasing the speed of the 
exciters, the E.M.F. at right angles to the current can be increased, and 
the lead of the rotor current increased more and more. It will be seen, 
however, that with the connections made as shown in Fig. 1, the more 
the rotor current leads the more acute becomes the angle DWO; 


D 
De b 


Ws 


Fic. 2.—Diagram of Electromotive Forces in Circuits of Fig. 1. 


ie. the E.M.F. generated in the exciter comes to have a greater 
component opposing the E.M.F. generated in the rotor circuit, and this 
has the effect of increasing the slip of the motor. 

The paper above referred to described certain experiments made 
with independent exciters, after the manner indicated in Fig. 1. 

The main objection to the method, as described in Leblanc's early 
patent, is that it requires two or three exciters, and as the currents 
to be dealt with would in general be large, the cost of these exciters 
becomes excessive. Leblanc has described * an exciter which em- 
bodies in one machine all phases, and is of a very simple'nature. 
This is illustrated in Figs. 3 and 4, which show two pole armatures, 
one arranged for two-phase and one for three-phase. 

The armature is made like an ordinary drum-wound continuous- 


* Éclairage Electrique, vol. 29, p. 113, 190%, and Comptes Rendus, vol. 109, p. 172. 
1889. See also Maurice Latour, Éclairage Électrique, vol. 29, p. 294, 1901; British 
Patent Specification, No. 13402 of 1901; A. Heyland, Éclairage Électrique, vol. 29. 
р. 328, 1901 ; H. Poincare, ibid., vol. 30, p. 77, 1902. 
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current armature. It is surrounded by a simple ring of laminations, 
having inwardly projecting poles, but without any field windings. The 
notches in the field are to aid commutation. If such an armature, as 
illustrated in Fig. 3, be provided with four brushes, placed at go? 
to one another on the commutator and connected to the four slip rings 
of a two-phase rctor of an induction motor, and is run at a speed which is 
high as compared with the frequency in the rotor circuits, it will have 
the effect of producing leading currents in the rotor. The beauty of 
this exciter is that the armature currents themselves excite the field, 
and produce a flux in the armature which is in such a phase as to 
generate an E.M.F. in each circuit, exactly at right angles to the 
current carried by that circuit. For, at the instant when the maximum 
current is going into the armature by brush A, and out at brush А,, the 
armature will be magnetized with one pole at the top and another pole 
at the bottom, so that no E.M.F. is generated in phase A, but a 


Fic. 3. —Leblanc's T wo-phase FIG. 4.—Leblanc's Three-phase 
Exciter. Exciter. 


maximum E.M.F. is generated in phase B. Thus we see that the 
E.M.F. in any phase is always at right angles to the current in that 
phase. The question whether the E.M.F. leads or lags behind the 
current depends only on the direction of rotation. Such an exciter can 
be built for three phases as illustrated in Fig. 4, and would be much 
cheaper to build than three separate exciters. By proper design, and 
by using carbon brushes, the commutation can be made sufficiently 
good ; but in view of the fact that the rotors of induction motors of 
large power usually carry very heavy currents, the commutator of such 
an exciter, say, for a r,ooo-h.p. motor, would be of considerable 
dimensions. 

A. Scherbius, in a recent letter to the Electrician,* gave an illustra- 
tion of a phase advancer of this type made by Messrs. Brown, Boveri 
& Co. capable of bringing to unity power factor a 600-h.p. motor. 
This machine is illustrated in Fig. 5. The overall dimensions of this 
set are 50 іп. by 22 in. by 25 іп., and its weight 750 1b. The cos ¢ 


* Electrician, vol. 69, p. 582, 1912. 
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curves of a 400-h.p. 32-cycle motor running at 160 revs. per minute 
both with and without the advancer are given in Fig. 6. 

It will be recognized that the stationary iron frames in Figs. 3 and 4 
are not really necessary, except in so far as they may reduce the 
magnetic reluctance of the magnetic circuit when an open slot-winding 
is used on the armature. If a winding with closed slots is used, the 
magnetic circuit may lie wholly within the armature. While the 
armature rotates, the field remains stationary as long as a continuous 
current is supplied to one set of brushes. If currents slowly alternating, 
such as those from a rotor winding, are supplied, the field slowly 
revolves in space while thc rapidly revolving armature conductors cut 
across this field and generate the necessary leading electromotive 
forces. An exciter of this kind, having no external ficld, and made by 
Messrs. Brown, Boveri & Co., was recently illustrated in the Electrician.* 
The use of the external frame, however, seems to possess several 
advantages : it enables open slots to be used on the armature, and by 
fixing the position of the field independently of the currents carried 
by the armature enables the commutation to be performed in a 
thoroughly satisfactory manner. 

It should be pointed out that the main reason why the phase 
advancer has a fair chance of commercial success is that it is a machine 
of small output in comparison with the amount of change of wattless 
load which it is capable of effecting when used in conjunction with an 
induction motor of suitable size. A phase advancer of only 30-k.v.a. 
capacity is capable of changing the power factor of a 1,300-k.v.a. motor 
from 0°88 lagging to o'95 leading. That is to say, the motor instead of 
requiring to be fed with lagging wattless current to the amount 
of 600 k.v.a. will relieve the generators supplying the system of a 
wattless load of 400 k.v.a., making a total change in the wattless power 
of 1,000 k.v.a. to the good. The reason is that the phase advancer 
stands in the same relation to an induction motor as an exciter does to 
a synchronous motor. An exciter of comparatively small capacity can 
over-excite a synchronous motor so as to make it supply a wattless load 
fifty times as great, measured in k.v.a., as therating of the exciter. Now 
if for some mechanical work a large induction motor must be employed, 
the extra cost of making that motor run at unity, or even at a leading, 
power factor is not very great. It is merely a question as to the cost 
of an advancer whose rated output is some 3 to 6 per cent of the rating 
of the motor, and the cost of a three-phase double-throw switch for 
putting it in and out. 

The general theory of the phase advancer is given in the paper 
referred to above.1 

The armature may either be of the open-circuit star type (see Journal 
of the Institution of Electrical Engineers, vol. 42, p. 612, Fig. 10, 1909), 
or of the closed-circuit type. Both kinds of armature commutate well. 


* Loc. cit. 
1 A more extended graphical theory was given by Professor Gisbert Kapp in the 
Electrician, vol. 69, pp 222 and 272, 1912. 


Fic. 5.—Scherbius Phase Advancer, built by Brown, Boveri & Co, 
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The first (see Fig. 7) is suitable when the current to be collected on the 
commutator is very great and the voltage to be generated is small, say 
not more than 15 volts. It enables a very wide brush (extending over 


40 80 120 160 200 240 280 320 360 A400H.P 


Fic. 6.—The Lower Curve gives the power factor of a 400-h.p. motor when 
run without the Phase Advancer. The Upper Curve shows the power 
factor of the same motor with the Advancer in circuit. The wide range 
rote at unity power factor is obtained by saturating the iron of the 

vancer. 


07 of the pole pitch) to be used. The second type (see Fig. 8) is suit- 
able when the current is not very great and the voltage is higher. 
The illustrations given in Figs. 14 and 15 relate to a machine with a 


Fic. 7.—Diagram of Open-circuit Arma- Fic. 8.—Closed-circuit Armature form- 
ture with several Branches in Parallel ing a Mesh Connection between the 
under Wide Brush belonging to each Phases. 

Phase (see Fournal of the Institution 
of Electrical Engineers, vol. 42, p. 612, 
Fig. 10, 1909). 


closed armature winding. The design is identical with that of some 
smaller machines of 6-k.v.a. rating now running in commercial service, 
but the dimensions shown are suitable for an advancer of 30-k.v.a, 
output. 
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In designing the rotor of an induction motor we have a fairly free 
hand in the choice of the stand-still voltage. We may choose a low 
voltage and a large current, or a higher voltage and a smaller current. 
It is usual even on very large motors to keep the stand-still voltage 
below 1,000 volts so as to avoid excessive stresses on the insulation ; 
but it is probable that if phase advancers are much used in the future 
the stand-still voltage of the rotors of very large motors will be some- 
what increased. There is no difficulty in insulating the revolving 
winding to withstand considerably higher voltages, particularly as the 
running voltage is exceedingly low. 

The cases that will be found most suitable for the addition of 
phase advancers to induction motors are those where the motors are 
intended to run continuously in one direction throughout the greater 
part of the day. If a motor is intended to be started and stopped 


Leading current 
, «— 80ampsre .120 amps. —» 


255 amps. 


Working current 


F1G. 9.—Construction for finding value of Rotor Current required 
to produce a given leading Power Factor. 


frequently, or reversed, then it is not suitable. Large induction motor- 
generators, whether the continuous-current load is steady or not, might 
very well be fitted with phase advancers to improve the power factor of 
the system to which they are connected ; also large induction motors 
driving fans for mines or driving other machinery which runs continu- 
ously in one direction. 

Let us suppose that we wish to design a phase advancer to be direct 
connected to an 800-h.p. induction motor driving a continuous-current 
generator. If the motor has already been built, it is necessary to 
inquire whether its rotor is provided with a winding brought out to 
slip rings; and if so, whether the slip-rings and brush gear are 
designed to carry the full-load current continuously. One could adapt 
a phase advancer to almost any normal rotor winding (except, of course, 
a short-circuited winding); but if the current is very high and the 
voltage low, the cost of the advancer will be greater than where the 
current is fairly small and the voltage higher. 
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Suppose that the rotor has a three-phase star-connected winding 
having a stand-still pressure of 800 volts per phase. The working current 
(that is to say, the current in phase with the voltage) will then be about 
255 amperes, which can be collected on a comparatively small collec- 
tor. To find the rotor current necessary to make the motor run at 0°95 
leading power factor, proceed as follows :— 

Set off a vertical line representing 255 amperes, as shown in Fig. 9. 
The power factor of an 800-h.p. 50-cycle motor running at 490 revs. 
per minute might be about 0:88, so that without the advancer опе 
would have a lagging current equal to 47 per cent of the working 

current. If the advancer caused the rotor to take a leading current of 


Ww 


c 


Fic. 10.— Construction for finding the Voltage required to be 
| generated Ьу Advancer. 


47 per cent (that is, 120 amperes) the power factor at the stator ter- 
minals would be nearly unity. If now it is desired to make the power 
factor at the stator terminals о'95 leading, we must supply to the rotor 
an additional 31 per cent of leading current, making 200 amperes watt- 
less in all. Adding as vectors the 200 amperes wattless to the 255 
amperes working current we get 324 amperes per phase for the rotor 
when running under these conditions. This is the current for which 
the advancer must be designed. If we had made the rotor with a 
voltage per phase of 400 we should have had 650 amperes, which 
would have made a somewhat more expensive, though perfectly pos- 
Sible, phase advancer. 

Next as to the voltage to be generated by the advancer. As the 
armature of the advancer is to be mesh connected, it is simpler to 
take the voltages across the slip rings than the voltage per phase 
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of the star winding. Indeed, as the motor would work the same 
whether it were mesh connected or star connected, we may, if we like, 
consider it mesh connected, as we have done in Fig. 11. If the normal 
slip of the motor at full load be 1°45 per cent, the E.M.F. generated by 
the slip will be 20 volts measured between rings. Lay off as in Fig. 10 
the vertical line O E, to represent this voltage generated by the slip in 
phase A. In Fig. 9 we have found the angle by which the current must 
lead on this voltage, so we can set off the line Oa to represent the 
current in phase A (see Fig. 11). Similarly O b and Oc represent the 
currents in the other phases. We should allow about 6 volts for pressure 
drop in brushes and in the resistance of the advancer. This will be 
represented by E,R in phase with Oa. Then there will be some 
reactive drop in the field coils of the advancer. We may provisionally 


Fic. 11.—Diagram of Mesh-connected Phase-advancer Armature 
а b c, Field Connections P, Q, and R and mesh-connected 
Rotor A B C of Induction Motor. 


allow 5 volts for this, and after the machine is calculated we can 
make a check calculation to see if it is enough. This is repre- 
sented by RX. There is no reactive drop in the armature because 
the compensating winding wipes out its field. We see that if we add 
a voltage X V, parallel to ba, we shall get a resultant voltage O V in 
phase with O a ; and this is what we want. If, therefore, we excite the 
advancer with a current which is in phase with the sum of Oa and 
— O b (shown by the dotted line b a) we can make the current lead by 
the right amount. The voltage to be generated by the advancer is 
therefore given by X V, which when scaled off gives us 33 volts. It 
will be seen that the projection of OV on the vertical line gives us 
O V,, which is greater than O E,. If this voltage O V, is greater than 
is necessary to drive the working current through the rotor circuit, the 
only effect will be that the slip of the rotor will be reduced until we 
get the right working current for the load. If it should come out that 
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OV, is not sufficient to drive the working current, then the slip of the 
motor will be increased. 

From Fig. 10 it appears that with 33 volts generated by the 
advancer the slip will be slightly reduced. We thus arrive at the 
rating of the advancer, namely, 33 volts between terminals and 324 
amperes per phase. 

We have next to decide what type of advancer to build. In this 
case it is not necessary to adjust the amount of leading current taken 
from the line at all loads, nor is it necessary to control at all loads the 
boosting effect of the advancer. It will therefore not be necessary to 
install a separately-excited advancer. It will be found that the series- 
wound advancer will have more suitable characteristics for the case in 
hand than a shunt-wound advancer. With a series excitation the 
amount of leading current taken from the line increases with the load, 
so that the power factor of the motor remains more nearly constant 
than where the excitation of the advancer remains constant. We will 
therefore decide upon a series winding. Next as to the type of arma- 
ture. When the voltage to be generated is of the order of 30 volts or 
higher, and the current is reasonably low, as in this case, the best kind 
of armature is that with a closed winding just like an ordinary continu- 
ous-current armature. 

Theoretically, three salient poles (equivalent to two magnetic poles) 
are quite enough for a machine of ‘the rating required in this case, but 
a machine of six poles (equivalent to four poles magnetically) is more 
likely to fit in with standard frames and standard punchings. We will 
therefore decide on six poles. This will give us six brush-arms, two in 
parallel in each phase. There will be 162 amperes per brush arm, and 
162 — 1°73 = 94 amperes per conductor. 

As the speed of the main motor in this case is quite high, 490 
revs. per minute, it is quite a good plan to couple the advancer 
directly to it, just as one would an exciter to a high-speed synchronous 
motor. We will consider later the arrangements which can be made 
for low-speed motors. We shall therefore take the speed of the 
advancer at 490 revs. per minute. 

It will not be worth while to cut down a machine of this type to 
the smallest possible size, because the addition of a little superfluous 
material will not increase the cost by a very large percentage, and 
when we are making a machine we might as well make it so that with- 
out much further development it may be used in a large variety of 
cases. If we take a large DL constant of 9'5 x 105 cubic cm. it will 
not be excessive, though very ample. A diameter of 46 cm. is suitable 
for a speed of 49 revs. per minute, and the length of iron may be 
18 cm. 

The easiest way of designing a phase advancer of this type is to 
proceed as if it were a continuous-current machine whose voltage 
is 1°41 times greater than the virtual voltage called for in the specifica- 
tion. The armature need not differ in any particular from a con- 
tinuous-current armature. The field winding will be provided with 
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series exciting coils and compensating windings connected to the 
various phases in the manner described below. 

The main points to look to, that are not found in a continuous- 
current design, are :— 


I. Themachine though having six salient polesis a 4-pole machine 
magnetically, and we must remember this when fixing the 
dimensions of the iron behind the slots. 

2. The voltage to be generated as a continuous-current machine 
is r41 times greater than the virtual voltage called for. 

3. The fluxes in the salient poles which constitute magnetically 
a pole-pair are 120° apart in phase, so that the voltage 
generated in an armature coil which lies partly under one 
pole and partly under another is only 0:86 of the voltage that 
would be generated if the two poles were carrying the maxi- 
mum flux at the same time. 

4. It is necessary to arrange the series winding on each pole so as 
to cause the flux to lead, by the right amount, ahead of 
the current carried by the armature conductors passing 
under the pole. 

5. It is desirable to arrange the compensating winding so that its 
effect is equal and opposite to the armature winding adjacent 
to it, and for this purpose it is necessary to have regard to 
the phases of the currents in the armature and field. 

6. It is desirable to provide a commutating flux which shall 
be proportional to, and in phase with, the current to be 
commutated. 


We begin, then, just as we would on a continuous-current generator. 
The voltage to be generated is 33 X 1°41 == 46:5 volts. There are six 
ways through the armature, each carrying 94 ampcres. If we choose 
72 slots with 4 conductors per slot we get 288 conductors, and these 
multiplied by 94 give us 27,000 ampere-wires, a fairly easy current- 
rating for an armature 46 cm. in diameter. 

If we denote the area of the cylindrical working face of the arma- 
ture by A, and the maximum flux density in the gap by B, then we 
may take the magnetic-loading as proportional to A, B. If we have 
a pole arc equal to 072 of the pole pitch, then as there are 48 con- 
ductors in series and the speed is 8'2 revs. per second— 


46'5 X 10922072 x 8&2 x 48 x А,В х 0:866. 


Observe the multiplier 0:866, which comes into the equation on account : 
of the circumstance mentioned in paragraph (3) above. 

Thus we arrive at the magnetic loading A, B =0'189 x 10°. If we 
work the iron in the teetlr at 18,500 lines per sq. cm., we shall require 
a total mean cross-section of all the teeth of 1,020 sq. cm. Our con- 
ductors, to carry normally 94 amperes and 25 per cent overload, may 
be made 0'23 by r27 cm. Four of these will require slots about 
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0°77 х 3°77 cm. To provide room for 72 slots and give the necessary 
cross-section to the teeth we shall require a net length of iron of 
164 cm. Allowing 11 per cent for paper on the punchings and 
0'6 cm. for a ventilating duct, we arrive at a gross length of iron of 
I9 cm. The rest of the calculation of the armature is the same 
as for a continuous-current machine, except in the matter of com- 
mutation, which we will consider later. 

We must now consider how we are to wind the field poles so as to 
give to the excitation its proper phase. The first point to note is that the 
six armature circuits are connected in mesh, while the leads from the 
brush-holders are connected in star. 

In Fig. r1 we have a diagram of connections as they would be if 
the machine had only three brushes. Obviously this diagram applies 
equally well to the machine with six brushes where brushes at opposite 
ends of a diameter are in parallel with one another. The inner circle 
of Fig. 11 represents the closed winding of the armature of the 
advancer. The small letters a, b, c show the three phases mesh con- 
nected. Three brushes—P, Q, and R—bear on the commutator and 
convey the currents to the outer circle, A, B, C, which represents the 
winding of the rotor of the induction motor taken as mesh connected. 
It does not matter in practice whether the rotor of the induction motor 
is star or mesh connected, but for our diagram it is convenient to 
connect it in mesh. The arrowheads show the direction along each 
conductor which is taken as positive for the purpose of our clock- 
diagram, Fig. 10. P, Q, and R are in star, and it is only in series with 
them that we can connect the series exciting coils. The voltage in 
phase A of the rotor is the voltage we would measure by connecting 
a voltmeter to the collecting brushes P' and Q'. In order to make the 
current in this phase lead, it is necessary to generate a leading electro- 
motive force in the part a of the armature circuit. From Fig. 10 we 
found that a suitable E.M.F. to inject into phase A was the E.M.F. 
X V, which is in phase with (a — b). From Fig. r1 we see that the 
current in Q is (b — a), so that —Q is (a — b). We will therefore excite 
the poles under which coils a are passing with — OQ. The span of the 
armature coils is almost a pole-pitch, so that the coils in phase a will 
be passing under two adjacent poles, which we will call pole P" and 
pole Q". Now it is not convenient to use only the conductor Q to 
excite P" and Q”, because we have to arrange for return paths and 
also for a compensating winding, and we want to make a fairly simple 
mechanical arrangement of the coils. We therefore take advantage 
of the known fact that currents Р+О + Е = О, ..Q=—P—R. 
Let us make an arrangement of exciting windings and compensating 
windings like that indicated in Fig. 12. There the exciting conductors 
which pass between poles P" and Q” are + Q, + Q, —P,— R. That 
is to say, they are equivalent to 3 Q. The question whether the excita- 
tion + Q gives a forward or a backward E.M.F. in a coil depends upon 
the direction of rotation, and also upon the question whether the arma- 
ture is wound right-handedly or left-handedly. It will be seen that 
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this arrangement of conductors lends itself to form mechanically a 
simple barrel winding as shown in Fig. 13. The conductors lie in two 
layers, and all the end connectors of one layer are bent to the right 
and all the end connectors of the other layer are bent to the left. This 
figure seems fairly complicated, but is made up by connecting, according 
to the scheme of Fig. 12, a number of groups of coils forming part of 
a simple barrel winding. 


FIG. 12.—Showing Relation of Exciting Windings and Compensating 
Windings to Armature Windings. 


The letters in Fig. 12 which are placed on the salient poles repre- 
sent the compensating windings. It is easy to prove that these are in 
direct opposition of phase to the currents in the armature under the 
pole. For instance, take the pole P". The compensating winding on 
this is, + P +P —R —– 0, ог +3 Р. Now the armature coils which 
lie under P" are c and — a, and we know that a — c = + P. More- 
over, the 16 conductors in the pole face carrying the currents P, Q, 
and R are equivalent to r2 conductors carrying the P current. 
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Opposite the pole P" are r2 armature slots each carrying —2 a 
and2c. When we remember that there are two paths in parallel per 
phase in the armature we see that the currents in these 12 slots are 
exactly balanced magnetically by the 12 P currents in the compensating 
winding. 

It will be found that an air-gap of 3 mm. will have an apparent 
length of 3:6 mm. when we take into account the opening of the slots. 
The flux density in the gap obtained by dividing A, В by A, is 6,950 ; so 
that the ampere-turns on the gap will be 2,000. The ampere-turns 
on the armature teeth will be 51o, and on the rest of the magnetic 
circuit about 190 ; so that the ampere-turns per pole will be about 2,700, 
or 5,400 per pair of poles. ‘These ampere-turns are provided by the 
16 conductors which thread between the poles P" and Q”, for the 16 
conductors carry current equivalent to 3 X 4 P. At its maximum P is 
324 X 1'41 amperes, which multiplied by 12 gives us 5,500 ampere- 
turns per pair of poles. In practice it will be found unnecessary 
to adjust the speed exactly, because the particular power factor at 
which the motor runs is not a matter of importance. It is not 
usually necessary to make any provision for the adjustment of the 
power factor during running ; it is sufficient that the motor shall take 
a leading current from the line at all loads. If it should be necessary 
to adjust the power factor, this can be done either by changing the 
speed of the advancer or by diverting some of the field current from the 
series coils. 

In cases where the speed of the motor is not great, it is more 
economical to belt the advancer to it so as to obtain a higher speed. 
In other cases the advancer may be run from any convenient counter- 
shaft in the mill where it is used, or it may be directly connected to an 
independent motor. 


COMMUTATION. 


The most important consideration of the design of the phase 
advancer is the obtaining of good commutation. It is chiefly for 
this purpose that the field frame and winding described in this paper 
are provided. Where in a continuous-current generator the voltage 
between the bars is small, the commutation can generally be forced by 
the resistance of the carbon brushes; but it is very much more desirable 
to provide a commutating E.M.F. which shall at all times be propor- 
tional to the current to be commutated. In the machine here described 
this result has been effected by giving each armature coil a span of 
somewhat less than the full pitch and arranging the positions of the 
brushes so that one of the limbs of each coil is moving in the fringing 
field of a pole excited by a current which is at all times proportional to 
the current under commutation. The currents in the two branches 
of the armature, a and — c, which combine to form P, are out of 
phase with one another and are not directly under control of the com- 
mutating flux ; but the rate of change of the current in the coil under 
commutation ought at all times to be proportional to P. Now the 
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pole P" (Fig. 12) is excited so that the fringing field in which the 
left-hand limb of the coil a is moving is at all times proportional to P. 
By making the coil with a short throw the right-hand limb can be 
taken out of the influence of the pole Q". The exact position for 
the brushes is, of course, obtained by trial; in practice it is found 
that the commutation is perfect. The alternation of the current in 
the armature and field causes a harmful E.M.F. to be set up in each 
coil under commutation ; but as the frequency is so very low (say one 
cycle per second), this E.M.F. is not sufficiently great to create any 
disturbance. In the machine under consideration it only amounts 
to one-sixth of a volt. 


PERFORMANCE. 


In a certain mill in the north of England there is a 250-kw. 
generator which on account of the low power factor of the motors 
connected to it is somewhat overloaded. As it would be a rather 
costly undertaking to installa new generator, the alternative proposition 
was put forward of connecting a phase advancer in circuit with the 
rotor of a certain 140-h.p. motor in the mill. It was seen that this at 
least would help matters, although the capacity of the motor and its 
phase advancer were not great enough to bring the power factor up to 
unity. А 5-k.v.a, advancer was installed, with the result shown by the 
following figures :— 


ToTaL LOAD ON MILL. 
Power-factor. 


Advancer cut out - 0'70 lagging 


Advancer connected in... 240 0'92 lagging 


MOTOR LOAD ONLY. 


Advancer out — ... e | 105 074 lagging 


Advancer in - m 97 0'96 leading 


Whenever the advancer was switched in the volts of the generator 
rose from 440 to 470. The figures in the above table were taken after 
the rheostat had been adjusted to make the voltage normal. 

Another case that might be quoted is the case of three 400-h.p. 
motors installed for pumping water for the Port of London. As thc 
speed of the motors is low the normal power factor at full load is only 
0°55. These machines have been fitted with phase advancers, with the 
result that they run on a slightly leading power factor. 
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The following table gives the result of tests upon а 750-h.p. motor 
running under various conditions with and without a phase advancer. 


— m- ———— — ————— -M _ — 


Reading. | Volts. | Kilowatts. Power factor. | Remarks. 

I 1,840 280 86 per cent lagging | Phase advancer not running 

2 | 1,840 300 Unity Phase advancer running 

3 2 200 | 373 Unity Phase advancer running 

4 | 2,600 375 Зо per cent leading | Phase advancer running (increased 
5 | 2,000 20 So per cent leading Phase NM running (speed as 
6 2,600 312 40 per cent leading Pase adiacet running (increased 
7 | 2.560 20 5 per cent leading Badass running (speed as 

before) 


In the case of readings 1 and 2 the voltage was maintained constant 
by hand regulation. The rise of voltage between readings 3 and 4 is 
duc to the phase advancer yielding a leading magnetizing current. It 
will be seen that when the first reading was taken the phase advancer 
was not running, and the power factor of the motor was then 0°86 
lagging. The next two readings show that with the aid of the phase 
advancer the power factor has been brought up to unity, whilst in the 
case of some of the lower readings, with the aid of the phase advancer, 
the power factor has been changed to o'5 leading. 

The motor on which these experiments were tried formed part of a 
motor-generator set, and it was therefore possible to make it run as an 
induction generator by speeding up the continuous-current machine. 
When this was done the terminals of the phase advancer were reversed 
so as to give the right rotation phases relatively to the rotor winding. 
It was found that the induction generator could be run so as to supply 
a lagging wattless load, the magnetization of the motor being carried 
out by means of the rotor current. In another case a phase advancer 
was connected to the rotor winding of a 750-h.p. motor driving a 
rolling mill. The load on this mill was very unsteady, and for con- 
siderable intervals of time was so light that the motor was running on 
an extremely low power factor. The effect of the phase advancer was 
to make this induction motor take a small leading current at all loads. 
Before the installation of the advancer the whole works took a load of 
about 1,000 k.v.a. at 0°64 power factor ; when the advancer was started 
up this was changed to 800 k.v.a. at 0:8 power factor. In cases where 
generators are overloaded and it is not desirable to install large machines, 
a considerable advantage can sometimes be obtained by the use of a 
phase advancer in conjunction with a large motor on the system. 


DISCUSSION. 
Dr. GISBERT КАРР; Some four years ago Professor Miles Walker 
read before this Institution his paper on the phase advancer * shown in 
е Fournal of the Institution of Electrical Engineers, vol. 42, p. 599, 1909. 
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Fig. 7 of this paper, and at that time I had some doubts whether the 
machine would work sparklessly. These doubts were dispelled later 
when Professor Miles Walker showed me the machine at work. It 
was quite a revelation to see a machine run sparklessly that had an 
open coil winding and such very wide brushes. The author in his new 
machine uses a closed coil winding in mesh connection, and he intro- 
duces a most ingenious method of producing a field which makes the 
commutation induced. I consider this one of the most valuable 
features of the new design, and I think the author is correct when he 
says that there is no limit to the size of motors to which his phase 
advarcers may be applied. I think Professor Miles Walker might 
have laid more stress in his paper on the commercial importance of his 
machine. A motor fitted with a phase advancer is able to carry a higher 
overload, but the author says nothing about that. Yet this is an 
important point to the user of electric power. Take the case of a 
manufacturer whose business grows to such an extent that he may 
have to buy a new motor. If the author can give him a phase 
advancer costing a mere fraction of the cost of a motor, and increase 
the peak load of the old motor by 20 or 30 per cent, he will save that 
consumer a large outlay, and at the same time improve the power 
factor. He will also improve the yearly efficiency, since motors are 
generally not loaded evenly all the year round. It is probable that 
the average load on а roo-h.p. motor will be about бо h.p. for the 
whole period of 3,000 hours. But it is also probable that the roo-h.p. 
motor may at times get a peak load of 130 to 150 h.p., so that to be 
quite certain that the motor would not be overloaded and the circuit- 
breakers tripped it would be necessary to buy, say, a 120-h.p. motor. 
Such a motor would work very much underloaded for the greater part 
of the time, consequently its efficiency would not be so good as it might 
be. Moreover, that motor would be an undesirable load for the power 
company, owing to its low power factor. By installing the phase 
advancer not only will а roo-h.p. motor do safely the work of a 120-h.p. 
motor, but it would also do it with a greater yearly efficiency and a very 
much better power factor. 

Any existing motor can be improved by adding a phase advancer 
to it; but if a new motor has to be built to work with a phase 
advancer, the design of the motor may be specially adapted for that 
purpose. Thus, an “iron machine” may be built instead of a “ copper 
machine.” An “iron machine” will be cheaper, but it will have 
a worse power factor. This defect, however, can be corrected by the 
phase advancer. If a very high power factor is desired it will be 
cheaper to build an “iron-machine” with a phase advancer than a 
"copper machine" without a phase advancer ; and if unity power 
factor is wanted the phase advancer becomes absolutely necessary. 
Let us compare an ordinary induction motor built for a power factor 
of, say, o'y with a motor fitted with a phase advancer. The former 
must be what I have termed a “copper machine,” meaning that the 
cost is high owing to the considerable amount of copper required to 
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get this power factor, whilst the latter may be an “iron machine,” 
meaning thereby a machine requiring little copper. This latter 
machine will be cheaper, and the saving in the cost of the motor itself 
will go a long way towards paying for the phase advancer. In other 
words, a specially designed motor combined with a phase advancer to 
give unity power factor will not be materially dearer than a motor 
designed to give by itself a fairly good power factor. Moreover, if 
both machines are designed for the same power factor of, say, o'9, the 
set consisting of a motor combined with a phase advancer will actually 
be the cheaper. As an example I may cite a motor of 25 h.p. fitted 
with a Scherbius phase advancer which I have in my laboratory at the 
Birmingham University. Its synchronous speed is 1,000 revs. per 
minute, and its weight, including the phase advancer attached, is 
800 lb. The catalogues of the best English makers of induction motors 
show that for the same power and speed the average weight of a plain 
induction motor is about the same. The efficiency is also about the 
same, namely, close on go per cent; but there is this difference, 
that the Scherbius set has a power factor of unity at full load, whereas 
the ordinary motor has a power factor of something under o'g. 

The commutation of the Scherbius phase advancer is perfect; there 
is absolutely no sparking. On the Continent a good many phase 
advancers, mostly of the Scherbius type, are in use; the largest of 
which I know is for 1,200 h.p. This, however, differs from the phase 
advancer mentioned above in so far as it is provided with a stator. For 
large powers the type without stator is, as the author mentions, un- 
suitable. A good power factor is of primary importance to the power 
companies. Generally the power factor is bad, and something has to 
be done to improve it ; so the companies install a “rectifier” for this 
purpose. It would be wrong to put the rectifier side by side with the 
generators, because it then does not relieve the line of wattless current, 
but only the generators. The right place to put a rectifier or a phase 
advancer is on the consumer’s premises. The companies should go to 
one of their big customers and say, “ Allow us to fit a rectifier to your 
motor. It will help you a little and it will help us considerably, 
because we are relieving our line. That would be a sensible 
proposition; it would benefit the consumer because his motor 
would become more efficient. It would also benefit the power 
company because it would cheapen generation and enable them 
to take on more customers. Why do not the companies do that ? 
I believe it is for the very simple reason that nobody likes to put 
capital in another man's premises when he has not the control of the 
apparatus. It may be said, “ The customer has an advantage in using 
a phase advancer, therefore he should pay for it.” He will if he is a 
clear-sighted business man and knows all the intricacies of cos ф. But 
very few owners of works are acquainted sufficiently with these 
matters. Supposing, however, it can be shown to such a customer that 
he will save money by adding a phase advancer to this old motor, he 
will buy one; but not otherwise, A very easy way would be for the 
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company to give the customer a special discount in respect of a good 
power factor. But again power engineers point out the difficulty 
that if an extra discount is given to one consumer other consumers 
will grumble. Further, the amount of discount must have some rela- 
tion to the amount by which the power factor has been improved ; and 
an attempt to settle those matters by a mere estimate, which must 
necessarily be uncertain, would be unsatisfactory. 

These are serious difficulties, but fortunately they can be avoided 
by using a method of metering invented by one of our foreign members, 
namely, Professor Arno of Milan, who has designed a meter which will 
discriminate between the good and the bad customer. This meter is 
made by Messrs. Landis and Gyr of Zug, and Messrs. Olivetti of 
Milan. The system is applicable to any meter, as it merely involves a 
slight alteration in compensating coils. The invention grew out of an 
investigation which Professor Arno and Mr. Conti, engineer to some 
Italian power companies, made throughout Italy with respect to work- 
ing cost as affected by the power factor of their customers. It was 
found that the cost to the power company may be expressed by the 
formula— 


t 
Cost = Í (a EIcoso + bE I)df. 
о 


The reading of Professor Arno’s meter gives the cost; and by using 
such meters there is no need for special discounts or any arbitrary 
discrimination between good and bad customers. From a very large 
number of actuarial investigations Professor Arno found that a 
wil vary a little but not much: an average practical value is 3, 
and b is 4. From these figures it will therefore be seen that for a 
customer who is taking no wattless current (that is, $ ==0) the 
cost =%#EI+4EI=EI. That means that the meter registers true 
kilowatt-hours. On the other hand, if it were possible to take current 
and no power at all (i.e. ф = 90°), such a customer would have to pay 
4 EI, i.e. he pays one-third of what he would have to pay if the current 
he took were power current and not wattless. That seems a fair 
arrangement. By using meters of this kind it is unnecessary to 
differentiate between consumers, the meter allowing the good con- 
sumer to get his power at a somewhat cheaper rate. I have taken the 
case of the motor of which particulars are given by the author in his 
paper. This motor has at full load a power factor of 88 per cent. It 
will not work at full load all the year round, butthe yearly consumption 
of energy may be taken as corresponding to, say, about half-load for 
3,000 hours. The input will then be a million units. The power factor 
at half-load is o'8 without, and unity with, a phase advancer. An Arno 
meter would then register ro8 times the amount recorded by an 
ordinary meter. So that 8 per cent represents the additional cost of the 
wattless current and also the saving by installing a phase advancer. 
Taking current at o'5d. per unit, 8 per cent on a million units equals 
£170. This saving might be divided between the consumer and the 
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company ; the division would come about quite automatically by the 
tariff being lowered to 0:96 х o'5d. = o'48d. for all customers using the 
Arno meter. The difference of o'o2d. means for the consumer іп 
question a saving of £85. I estimate the cost of the author's phase 
advancer at about £170; so that even if the consumer pays for the 
phase advancer it is a good investment. The position of the company 
is better still, as they have not incurred any capital outlay, and they 
can sell the extra current represented by sin ¢ to somebody else. 
That is, it has enabled them to extend their business maybe 10 or 
20 per cent without increasing the amount of plant. 

The author has mentioned a phase advancer designed by me, and it 
may therefore be of interest to mention some experiments which have 


то, 


been made with it. In the first place I wish to point out that there is a 
difference in principle between the rotary machine such as the author 
has made, or that of Mr. Scherbius, and the vibrating machine I have 
made. The difference in principle shows itself in a certain effect 
which I will try to explain in a very few words. Broadly speaking, 
the magnitude of the injected E.M.F. in a machine driven by power 
does not vary much with the slip frequency. It is only slightly greater 
at small slip, but nearly proportional to the rotor current. The 
scientific investigation of the vibrating machine shows that the magni- 
current The effect is 
slip 
that at light loads the injected E.M.F. will be greater with the vibrating 
than with the rotary phase advancer. This theoretical consideration is 
entirely borne out by the practical test. A vibrating phase advancer 
(for brevity I call it a vibrator) was built to my design by the Sandycroft 


tude of the injected E.M.F. is proportional to 
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Foundry Company, and tested first оп a Hunt 60-h.p. cascade motor, апа 
then on an ordinary slip-ring motor of 20 h.p. I take the latter test as 
more suitable for comparison with the Scherbius set of 25 h.p. In Fig. A 
the curves show the power factor as a function of the load. At full load 
both types give unity power factor, but at quarter-load there is a 
difference ; whilst with the rotary machine the power factor has come 
down to o'7 it is still 0°86 with the vibrator. In Fig. B the curves of 
the 20-h.p. motor are given. The tests were made by Mr. Hunt, chief 
engineer of the Sandycroft Foundry Company. There are two sets of 
curves of primary current and power factor, one set without and the 
other with vibrator. 

The vibrator in connection with the 60-h.p. Hunt cascade motor gave 
the same kind of power-factor curve, but the power factor did not quite 


Sandycroft Motor 


Primary Amperes 


| a ND А 
E . 
| 
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reach unity. The maximum reached was 0:98 at half-load, and with the 
primary voltage reduced from 500 to 400 volts Mr. Hunt's cascade motor 
has in each phase two pairs of tappings, so that a vibrator with six 
armatures ought to have been used, but we only had one with three. 
We therefore left two tappings out or short-circuited them, and put the 
vibrator on to the.remaining three pairs of tappings. It was not quite 
a fair test, but we improved the power factor as follows : With 500 volts 
and a frequency of 5o in the primary we obtained— 


COS $ = 0°92 0'92 0°93 0°93 
at 20 30 40 50 kw. 


This test was not made to find out what could really be done in the 
case of a cascade motor, but merely to satisfy a railway expert who 
threw doubt on the question that the vibrator would improve the 
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power factor if a motor were driven above synchronous speed so as 
to act as a generator and return current to the line. In a 3-phase 
locomotive it is important that this should be done. We found that by 
driving the cascade motor with 5 per cent negative slip it returned into 
the line 35 per cent of the power, with a power factor of 0°94. The 
three armatures of the vibrator may be coupled in star or in mesh ; the 
latter is preferable with motors of large power. 

Mr. W. H. PATCHELL : Dr. Kapp, in touching on the commercial 
aspect of the matter, said that it was necessary to go to the Continent 
to find the Scherbius motor in general use. I believe that the first 
phase-corrector ever used was on the Continent at the Bockenheim 
works, where a synchronous motor was run over-excited. When a 
phase advancer was required I have approached one of the patentees, 
and unfortunately have generally found it was just beyond the range of 
commercial practice. I tried to find out from the paper exactly what 
it would cost to use the author's machine, and the only clue I could get to 
the problem is on page 334, where he uses a 30-k.v. chine to correct 
a 600-k.v.a. machine. That is in the neighbourho 5 percent. A 
machine of that size ought to be reasonably cheap trongly support 
Dr. Kapp's opinion that the phase-corrector shoul e placed in the 
power station but on the consumer's premises, so as to get the benefit 
on the transmission line. If a commercial machine can be obtained to 
put on the consumer's premises it will solve the difficulty. If a new 
motor is being installed and continuous current is available a bigger 
synchronous machine can be put in and over-excited so as to do what 
is required. But continuous current is not always available, and it is 
frequently necessary to deal with induction motors. A Scherbius 
machine of r,ooo h.p. by Messrs. Brown, Boveri is used for fan-driving 
at Gelsenkirchen ; and if we had been able some years ago to get for 
fan-driving by induction motors such a machine as the author's, or as 
Dr. Kapp has now put before us, it would have made a very consider- 
able difference. In the list of machines that Professor Miles Walker 
has given he has not mentioned the Krámer system, which is very much 
like the Scherbius. Ithink I correctly describe the two systems if I say 
briefly that the Scherbius motor is connected electrically, whilst the 
Kramer system is connected mechanically. In other words, if the end 
of the shaft of the motor of which the power factor is to be corrected 
is available, the Kramer motor can be connected to it either direct or 
by a chain drive; whereas if there is no shaft available, then tappings 
must be taken off the machine so as to connect it electrically. I think 
that correctly describes the main difference between the two systems. 

Mr. A. W. ASHTON: In connection with the adoption of apparatus 
for power-factor correction, [ should like to mention the competing 
apparatus, namely, the condenser. I have looked through the paper 
with the idea of ascertaining the total cost of installing and running a 
phase advancer, and of comparing such figures with what I know to be 
the cost in the case of the condenser. From the information given on 
page 334 of the paper for the r,300-k.v.a. motor, in which thepower factor 
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was to be corrected from 0°88 to 0'95, I have worked out a comparison Mr. Ashton. 
of the total cost in the case of the phase advancer and for a condenser. 
In the case of the condenser the initial cost is considerably higher than 
it would be for the phase advancer ; but on the other hand the running 
cost of the condenser is almost negligible compared with that of the 
phase advancer. Inorder to estimate the actual total costs we may take 
the cost of supplying 1,000 k.v.a. of wattless current by means of con- 
densers at 50 periods to be about £28 per k.v.a.; that is, the 
initial cost of installing condensers to deal with 1,000 k.v.a. of 
wattless current would be about £2,800, and would be practically 
independent of the voltage at which the condensers were operated. 
On the other hand, I have had to assume that the initial extra cost of 
fitting the phase advancer to the motor would be about £250, and I 
have also taken the extra loss incurred due to the installation of the 
phase advancer as 25 kw. Assuming 6} per cent as the total capital 
charges, and also that the cost of energy is £4 per kilowatt of 
maximum dem lus o'4d. per unit, the comparative costs for the 
condenser and hase advancer then come out roughly as follows : 

At 100 per ad factor the annual cost of the condenser is £249 
per annum, an the phase advancer £485 per annum. At 5o 
per cent load factor the condenser costs £220 and the phase advancer 
£302. At 25 per cent load factor the condenser costs £206 and the 
phase advancer £211 ; whilst at 20 per cent load factor the cost of the 
condenser is £203 and of the phase advancer only £193. It thus 
seems that, taking the total cost of correcting for power factor, con- 
densers come out less than phase advancers for load factors of 25 
per cent and over. 

What I should like to know is, What prevents the introduction of 
the condenser into more general use for this purpose? I must admit 
that, as far as actual installations are concerned, the phase advancer 
has been adopted to a certain extent in preference to the condenser. I 
suppose there are two reasons which might act in that direction. One 
is the high first cost of the condenser compared with the first cost of 
the phase advancer ; and the other reason is that the condenser, which 
as a piece of engineering apparatus 1s more or less new, is naturally 
looked upon with a certain amount of diffidence by power station 
engineers. In that connection I should like to point out that paper 
cables have been used for a large number of years, and as far as I can 
see paraffin paper condensers should at any rate give no more trouble, 
if as much, as ordinary paper cables. It must be remembered that the 
dielectric used is more impervious to moisture in the case of paraffin 
paper than in the case of the paper cable mixture ; secondly, that the 
condenser is not so likely to be subjected to mechanical damage as is a 
paper cable ; and, thirdly, the distribution of the dielectric in the con- 
denser makes the dielectric, for the same thickness, two or three times 
as strong as it would be in the case of the paper cable. Further, com- 
paring the condenser with other electrical apparatus as far as tests are 
concerned, I should like engineers to consider what part of their 
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apparatus would stand the same comparative tests as the condenser 
does, namely, a pressure test of four times the normal working pressure 
applied to the main terminals of the condenser—not to earth—secondly, 
an overload of 300 per cent in the working current ; and, thirdly, a 
temperature rise of about 30° C. above the normal full-load working 
temperature. 

Communicated : In estimating the increased running loss due to the 
use of a phase advancer with 1,300-k.v.a. motor, the increased copper 
loss in the rotor is the most important item, and in the design worked 
out by the author amounts at full load to more than 60 per cent. On 
the other hand, the stator loss is reduced 14 per cent, giving a net 
increase of nearly 25 per cent of the total copper loss of the motor, say 
7 kw. for the 1,300-k.v.a. motor. For the same motor, the copper loss 
and brush I?R loss in the phase advancer would amount to about 6 kw. 
Besides this we have considerable brush friction loss, armature iron 
loss, bearing friction and windage loss in the phase advancer, as well 
as extra I*R loss in the motor slip-ring brushes and s. I have taken 
these as 3 kw. in all, thus making the extra loss at ad 16 kw. An 
important point which affects the running losse the fact that, if 
wattless current is to be supplied to the line, the es will be almost 
as great at light loads as at full load. The effect of this at load factors 
considerably less than 100 per cent is the same as if the full-load loss 
were increased. At 25 per cent load factor the plant would probably 
run for 1o hours at an average load equal to 60 per cent full load, and 
the extra energy used would be equivalent to 26 kw. for 6 hours. It 
appears to me, therefore, that the allowance I have made, viz. 25 kw. at 
full load, and proportionately less at lower loads, will give results 
approximately correct for all load factors likely to occur in practice. 
While the phase advancer is no doubt the best apparatus to use in the 
case of motors specially designed for it, and in order to supply the 
wattless current of the motor itself, it does not appear to be economical 
to supply wattless current to other parts of the system through therotor 
and stator of an induction motor. In such cases the condenser would 
be more economical and would give more satisfactory compensation. 

Dr. SILVANUS P. THOMPSON : There are, in every one of the various 
successive developments of electric engineering, points that we may 
look back upon as having been turning-points in the development of 
each particular branch. We have now come to such a turning-point, it 
seems to me, in the use of alternating-current induction motors. "Their 
bad power factor, especially when they are not running at full load, and 
their limited capacity for standing up against an overload have not pre- 
vented them from being very largely employed. And now we have the 
means given us of making those machines correct their own vices, so 
that the worse machine may become the better and the cheaper ; and 
the cheaper design may, with a phase advancer added to it, суеп surpass 
the dearer machine. І want every опе to realize what a very important 
subject this is, and how greatly it may add to the development of the 
electrical industry in the immediate future. 
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Dr. S. P. SMITH : I think these polyphase commutator machines are 
really the most ingenious apparatus that electrical engineers have ever 
produced, but their application to the induction motor seems a wrong 
step. It scarcely seems right to charge up against the induction motor 
one of its vices when it has so many virtues. It is quite true that low 
power factor is a vice of the induction motor, but I do not know how 
any station engineer can expect a consumer, especially a large consumer, 
to sacrifice the ideal simplicity and reliability of the machine in order 
to rectify the power factor. If the station engineer wants the power 
factor rectified let him do it himself. The method is simple. He can 
easily apply condensers or a synchronous motor at a suitable part of 
the system. Let us consider the customer's point of view. The most 
general case for the use of phase advancers will be that of a large motor 
working off high-tension mains, which alone are suitable for large power 
transmission. Such a user has in the induction motor the safest possible 
machine he can get, especially if a squirrel-cage rotor is used. Yet a 
commutator machine, which cannot be used for large powers because 
of the high voltage necessary, is brought to him in the form of a 
phase advancer,:;so that after making him accept the limita- 
tions of alternating current the further limitations of the com- 
mutator are to be forced upon him. Speaking as a designer, and a 
designer generally endeavours to minimize trouble, then I cannot see 
how the combination of an induction motor with a phase advancer can 
be put in the hands of unskilled workmen. I believe that in all these 
large installations the factor of safety has been largely reduced—indeed 
it might be risky to cut down the size of mains—and the maintenance 
costs will be much higher. Another small point I want to mention— 
small compared with the fact that I think it is a fundamental fault to 
install such a machine—is the effect on the efficiency. If auxiliary 
apparatus is installed it must have its own losses, and these, of course, 
add to the cost. With regard to sending a leading power factor into 
the line, it is expecting too much of the consumer to ask him to provide 
something for nothing ; and as for making him pay for what he does 
not get, that is to say, according to his power factor, I am afraid this is 
not the country to adopt that systcm. Personally I do not think that 
central stations will refuse to supply power to consumers who decline 
to install phase advancers. I think the present supply authorities will 
only be too glad to get the load. I quite agree that in special cases it 
may be quite advisable, and indeed the only solution of the problem, to 
put in a phase advancer ; but for the supply of power in general I think 
it is the wrong thing todo. A better plan is for the station engineer to 
consider the generators. Ifinstead of specifying a generator to regulate 
well he was willing to have a badly regulating generator, he could get a 
larger output from the same size of machine. More regulation would 
certainly be needed, but if he had an automatic regulator that would 
look after itself. In this way the station engineer can help him- 
self, and indeed is being compelled to help himself at the present 
day by using large units. With these he dare not have good regulation, 
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because he is afraid of the effects of a short-circuit. After all if the 
machine can only give 18 per cent regulation, I do not see that the 
lamps are very much more endangered if the machine gives 28 per 
cent regulation, for the lamps will burn outin both cases. By sacrific- 
ing regulation the station engineer would get a much larger k.v.a. out- 
put from the same machine, and thereby be. able to supply the motors 
with the lagging current they need. That, I think, is a much sounder 
system than running the risk of breakdowns due to the proposed com- 
plicated auxiliaries, and the further risk of overloading the whole 
system from generator to motor in case such breakdowns occur. 
Mr. W. E. BURNAND (communicated) : It is well known that the 
power factor of electricity supply systems is often as low as о`б in 
the daytime, and the trend is still downwards. If 1-10th of the load 
is lighting, etc., at unity power factor, and, say, 4-1oths averages o'8 
power factor, the remaining 5-1oths must have a power factor not higher 
than 036. This neglects vectorial phase-differences, which would 
make the figure still lower. I do not think that many alternating- 
current central station engineers realize that on about one-half their 
motor load they only get paid for 1 kilovolt-ampere out of every 
three supplied. Whilst energy is charged for at the kilowatt-hour 
rate there is no inducement for a consumer to improve his power 
factor by using a phase advancer. I suggest, as Professor Kapp 
has done, that the best way of meeting the requirement is that the con- 
sumer’s meter should go at a rate intermediate between that of an 
ampere-hour meter and a watt-hour meter. I would suggest, however, 
that the wattless component should be charged at bare cost and 
the true watt component at cost plus profit. This simply means an 
ordinary induction meter with the shunt adjusted not for exact quad- 
rature, but so that with full-load amperes at zero power factor the 
meter would run at about one-fifth full-load speed instead of standing 
still, and also that the meter should register correctly on full load 
at unity power factor. This would not be difficult, as one of the chief 
difficulties in the development of the induction meter was to make 
a meter that had not this characteristic. In this way the adoption 
of phase advancers would be ensured for most large motors. Even so, 
however, it leaves the main cause of the low power factor untouched, 
as for one motor of over 100 h.p. on the mains there are hundreds 
of smaller motors. These small motors not only in the aggregate total 
a very much greater horse-power, but individually have lower power 
factors than larger motors. To deal with them I have developed an 
arrangement styled, for want of a better name, a “ power regulator.” 
This is a transformer with a 3-way and off-position switch arranged to 
supply different voltages to the motor according to the load. The 
primary object of this regulator, as far as the user is concerned under 
present conditions, is to economize power and reduce electricity bills ; 
power-factor should not be mentioned to a non-technical customer in 
this connection. The regulator depends for its success on the fact that 
an efficiently designed transformer to reduce the voltage supplied to a 


1913.] POWER FACTOR OF A.C. SYSTEMS: DISCUSSION. 859 


small motor has a smaller loss than the reduction effected in the motor 
losses. This applies particularly to the small single-phase machine, the 
ad vantage of the transformer being somewhat less with the two- or three- 
phase machines, and decreasing gradually, as the horse-power increases. 
Under special conditions the arrangement effects a saving for motors up 
to roo h.p. ; but as a general rule it is not advantageous in this respect 
above about 20 h.p., although there is material improvement in power 
factor. On machines of, say, 3 h.p. I have usually found a reduction in 
the electricity bill of at least 10 per cent, and 25 per cent is not at all 
uncommon. This looks at first unlikely with a motor rated to have an 
efficiency of about 80 per cent, but it must be remembered that this 
figüre is for full load, the efficiency decreasing to zero at no load, 
so that there is plenty of scope for big reductions at the lower loads, 
which, on account of the low power factors prevailing, it is obvious are 
the rule and not the exception. 

As is well known the exciting volt-amperes taken by a given motor 
vary as the square of the applied voltage, the torque for a given 
slip varying at the same rate. The copper losses vary as the square 
of the total current passing through the motor, and the iron losses at a 
slightly lower rate. If, therefore, the voltage supplied to the motor is 
reduced with decreasing load in proportion to the square root of the 
load, the efficiency—so far as the electrical losses are concerned— 
would remain nearly constant. The mechanical losses, which remain 
at nearly their original value, and the transformer losses, combine 
to reduce the efficiency on light load ; but there is still a substantial 
balance to the good with the regulator. This introduces no extra 
complications whatever, but merely consists of a strengthening up 
of the weakest link—the transformer of the auto-starter. 

Moreover, the manipulation is simplified. If a motor shows any 
tendency to slow down, the switch is simply moved up another notch. 
This is quite instinctive, and no special instructions are issued to the 
workmen. I find a suitable arrangement is about half voltage on the 
first notch, about three-fourths on the second, and full voltage on the top 
notch, the transformer being then cut out of circuit. I have also tried 
four and five “live” notches ; but the great majority of cases are quite 
as well met with the three usually supplied. If this, or any other 
arrangement, is to be of service on the power-factor question it must 
fill three requirements : (a) It must actually give the results claimed ; 
(b it must be readily saleable апа (c) it must be used in practice 
efficiently. A few instances and figures in this connection may be of 
interest. In the first place, outside my own works I tried one of these 
regulators ; it was put in circuit with a 15-h.p. motor obviously much 
underloaded ; we overshot the mark in voltage reduction, however, 
with the result that although the amperes taken from the supply were 
reduced to one-third their former value the meters only showed about 
5 per cent reduction instead of about the 25 per cent anticipated. I 
also ran as an experiment a 40-h.p. motor in my works on a load 
averaging about 2 h.p. and usually taken by a 5-h.p. motor. Supplying 
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about one-third full voltage to this motor it used, including transformer 


losses, only about 6 per cent more energy than the small motor, 
based on a week's run; without the voltage reduction, however, it 
could hardly have failed to double the cost. Another instance is a 
36-h.p. machine which has to deal with a very fluctuating load, running 
up to 8o h.p. for a few minutes (this load altogether being on for 
probably not more than one week per annum) and averaging about 
8 h.p. On the load that may be taken as a fair average I find that 
the current taken from the mains is reduced by no less than 12 k.v.a., 
and the energy recorded by the supply meter by 13 unit per hour, by 
running on the lower notches of the regulator. Assuming 1,500 hours 
per year on these lower notches, this means £8 7s. per annum, 
which is not a bad return on the £5 extra cost that this regulator 
means over a plain auto-starter. If the 12 k.v.a. reduction in non- 
revenue-producing amperes is worth only r/1od. per k.v.a.-hour to 
the supply department it still comes out at £7 105. per annum. 
As to saleability, of 100 motors sent out from my works, and of sizes 
ranging from 120 h.p. to 1 h.p., the average being 5 h.p., I find that 
no less than 92 motors were supplied with these regulators. In 
fact, I can scarcely remember an instance where we have recom- 
mended these regulators, even only for trial, where they have not 
been used and retained. I can also testify to the fact that they are 
actually used in practice. I recently got an assistant to call at a few 
works, not picked in any way, and of 17 machines he saw at work 
5 had the regulator on the first notch, corresponding roughly to a 
reduction of magnetizing current of about 7o per cent; 8 were on 
the second notch, corresponding to about 40 per cent reduction ; and 
4 were on the top notch. It must be remembered that this system 
is no competitor of the phase advancer ; but if it were more generally 
adopted for small motors, and the phase advancer for large motors, 
there would be an end to low-power-factor troubles. With regard 
to the meter suggested, the point may be raised that the units regis- 
tered are not Board of Trade units, so that no definite legal charge can 
be based thereon. This may be so; but how many Board of Trade 
units are there in a charge based on the telephone system or on the 
rateable value of a house? The meter suggested would charge the 
o'5 power-factor consumer in the ratio of 12 to то, compared with 
the unity-power-factor consumer. This can scarcely be called exces- 
sive, and the Board of Trade would not be likely to hold out long 
against that charge if it agrees to the other tariffs. 

Mr. C. KRAMER (communicated) : The cascade systems invented by 
me, viz. (1)rotary converter with continuous-current cascade motor, and 
(2) three-phase system with commutator cascade motor, have been 
developed primarily for speed control. Both can be used for power- 
factor correction, and the rotary converter with cascade motor especi- 
ally affords an easy means of adjusting the power factor by merely 
altering the exciting current of the converter. Fig. C shows this 
correction for a 1,500 b.h.p. motor carrving a constant load of 1,030 kw. 
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The synchronous speed of the motor is 230 r.p.m., and by Mr. Krümer. 


cascade control the speed can be reduced to 150 r.p.m., the test shown 
in the diagram being made at about 205 r.p.m. As will be seen from 
Fig. C, the characteristic of the cascade set is very similar to the 
V characteristic of a synchronous machine, and it will be noticed 
that in this case with 7 amperes exciting current the power factor 
is o'8 lagging, and with зо amperes exciting current o'8 leading. The 
speeds of the main motor, which are of course dependent on the excita- 
tion of the auxiliary motor, are not appreciably influenced by an altera- 


Exciting amperes of converter. 


Fic. C. 
Curve I. Amperes of converter. Curve II. Revs. of converter. 
Curve III. Cos ¢ of induction motor. Curve IV. Revs. of induction motor. 


tion in the excitation of the converter. The’ power factor of a 
commutator cascade motor, alternative (2) above, can be controlled 
in a similar manner. The A.E.G. Electric Company usually design 
these sets for unity power factor, the power factor not being much 
altered by variations in load or speed. It is interesting to note that 
the same objections which were raised against саѕсайе-ѕреса- 
control sets are now applied to power-factor-correcting sets, 
namely, that the simplicity and reliability of the installation are 
impaired by introducing additional apparatus. In my opinion this 
is not a sufficient reason for abandoning the use of power-factor- 
correcting sets if substantial saving is effected by their use, particularly 
as the main plant is not disabled through any defect in connection with 
the auxiliary apparatus. It seems to me that the standpoint frequently 
VoL. 50. 24 
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taken up by electrical engineers, namely, that an increase in the number 
of apparatus should be avoided under all conditions, is not always 
justified. Steam engineers do not seem to be so afraid of introducing 
additional gear. Imagine two steam plants, one without feed-water 
heaters and with single-cylinder non-condensing engines, and the 
other with all modern devices for feed-water heating and with triple- 
expansion condensing engines. Which is the simpler plant and which 
type is being adopted? Experience shows that the economical condi- 
tions of speed control and similar features are being much more 
appreciated now than they were only a short time ago, in spite of the 
apparent complication. The A.E.G. Electric Company have supplied 
and are building three-phase variable-speed plants aggregating 49,000 


see 
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b.h.p. output, among which are commutator cascade sets of 3,000 b.h.p. 
individual output, 200/100 r.p.m. No doubt similar development will 
take place in regard to power-factor-correction sets. For sub-station 
plant the synchronous motor will always be preferred, but no doubt the 
phase advancer will find a useful field of application in connection 
with low-speed induction motors driving winding engines and mine 
pumps. 


DISCUSSION BEFORE THE BIRMINGHAM LOCAL SECTION ON 
8TH JANUARY, 1913. 


Dr. T. F. WALL: The study of the phase advancer is of great 
interest from a scientific point of view, apart from the particular 
application to the induction motor, because it shows us how to 
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produce a condenser effect by machines other than the synchronous Dr. Wall. 
motor. Professor Walker has referred to what is known as the Scherbius 
arrangement ; I find that the action of this type of phase advancer may 
be explained in a simple manner as follows: The apparatus may be 
represented as in Fig. D, where a represents a ring of iron provided 
with holes in which a winding is arranged, in a manner similar to that 
of a ring wound armature of a continuous-current machine with em- 
bedded active conductors. (In practice the winding is really a drum 
type, but a ring winding is easier to illustrate in a diagram.) The ring 
and commutator are fixed on a shaft which may be driven. Three 
brushes are provided on the commutator, displaced relatively to one 
another by 120 electrical degrees, and these brushes receive the 
currents of slip frequency from the secondary of the induction motor. 
If the ring be stationary it acts like a 3-phase choking coil, the currents 
producing a field F which revolves in space at a speed of, say, s revs. per 
second, corresponding to the frequency of the currents supplied to the 
brushes. The vector diagram for the phase E.M.F., E, at the brushes 
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and the current, I, fed to each brush will be as shown in Fig. E, in 
which RI is the component to overcome resistance and XI is the 
component to overcome the E.M.F. produced by the revolving field F 
(i.e. the E.M.F. of self-induction). Now suppose the apparatus be 
driven in the same direction as that in which the field F revolves, the 
speed of rotation of F in space will remain unchanged, being inde- 
pendent of the speed of rotation of the ring because the points at 
which the currents are led into the winding are fixed in space. Hence 
when the ring is driven at the speed s revs. per second in the direction 
in which F revolves, the relative motion of the field F and the winding 
becomes zero; this is equivalent to the disappearance of the self- 
induction effect. The vector diagram of the phase E.M.F., E, at the 
brushes and the current, I, fed to each brush becomes as shown in 
Fig. F, that is, the current is now in phase with the E.M.F. If the ring 
be driven at a higher speed than s, the XI component of Fig. E 
becomes reversed in sign, and the vector diagram will be as shown 
in Fig. G., that is, the current will lead on the E.M.F. Theangle of lead 


may be adjusted by adjusting the speed at which the apparatus is 
driven. 
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Mr. N. SHUTTLEWORTH : I should like Professor Walker to enlarge 
upon Fig. 1o, as it does not by any means agree with my view of the 
case, which I will endeavour briefly to explain. For simplicity we 
may assume that the phase advancer has no resistance or reactance, 
in which case the point X will coincide with the point E,. I under- 
stand that O E, represents the resistance drop of the full-load watt 
current in the main rotor ; if then we draw (Fig. H) a horizontal line 
from E, to cut Oa in Q we should have E, Q as the ideal voltage to 
inject, since it represents the resistance drop of the wattless current 
required. This voltage is at right angles to the rotor voltage, which 
is variable according to the slip, hence it will control the wattless 
current entirely; in other words, we must not introduce a horizontal 
component greater than E,Q when full-load watt current is flowing, 
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otherwise we shall have a larger wattless current than is desired. We 
may now represent the phase of the advancer E.M.F. by drawing from 
E, a line parallel to a b, and by cutting this in P with a vertical from 
Q, it is clear that the magnitude E, P has the correct horizontal com- 
ponent for producing the wattless current necessary ; and the other 
component Q P will be immediately neutralized by a speeding up of 
the main motor. It would seem, therefore, that E, P is the correct 
magnitude of E.M.F. for this particular phase to introduce. For any 
other phase relation it is simply necessary to draw from E, a line 
representing that phase to cut the vertical through Q. According to 
Professor Walker's diagram the required magnitude is obtained by the 
phase line cutting Oa. Professor Walker also lays down certain rules 
to be observed in the design of a machine of this kind. Paragraphs 
5 and 6 refer to compensation of the armature, and to the provision 
of a commutating flux in phase with and proportional to the current 
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to be commutated. There is no further mention of this, and it would Mr. Shuttle- 
naturally be inferred that the design adopted complies fully with " 
these conditions. 

Again, I should like the author's opinion of what I conceive to 
be the true operation of his machine. While the compensation 
provided on any one mechanical pole is opposed to the armature 
magnetomotive force in its total effect, it is not perfect from point 
to point along the armature periphery ; this allows of local fluxes 
along the pole face, and at the ends the fringes spoken of are 
formed. It is interesting to note, however, that the fringes at the 
tips of the same mechanical pole are not of the same phase. By using 
an armature of slightly less than 120° pitch, the author uses these 
fringes as a commutating flux, depending upon the instantaneous sum 
of the two to give the proper phase. Now this would appear cor- 
rect, provided the sides of the coil undergoing commutation were 
moving in a density uniform along the periphery in its distribu- 
tion. The fringe density, of course, is not uniform, hence the 
desired phase is not obtained; there is always another disturbing 
component. This is immediately evident by considering the be- 
ginning of commutation when the coil is moving in one fringe 
only, and the end of commutation when the coil moves in the 
other fringe; neither of them separately is of the right phase, and 
the amplitude and phase of their resultant varies from moment to 
moment. In spite of this, I think that an improvement is to 
be obtained by such a device, and I have no doubt that the 
machine as laid out would commutate sparklessly, for the simple 
reason that the reactance voltage of commutation is only of the 
order of o'5 to o'6 of a volt. I estimate that in this design the 
author is using rather an excessive fringe density, especially so in 
view of the fact that it is difficult to make any adjustment on test, 
as the movement of the brushes into different parts of the fringe would 
make no material difference. In conclusion, I would ask Professor 
Walker why he has not adopted the Leblanc machine with a slight 
modification. In spite of the fact that there are six commutating 
spaces per pair of poles, it can be built with an output coefficient not 
less than that of his machine; and with a suitable concentrated 
compensation in the commutating zone it has theoretically perfect 
comumnutating properties. 

Mr. G. SHEARING: The advantages to be obtained from the use Mr. 
of a phase advancer to improve the power factor of an induction энезин 
motor are illustrated by the following results of tests made оп a 
Scherbius 3-phase induction motor. The motor is of 25 h.p., 50 fre- 
quency, 450 volts, having a synchronous speed of 1,000 revs. per 
minute. The rotor is the primary and the phase advancer is fixed on 
one end of the rotor shaft. The advancer itself is a 3-phase commu- 
tator dynamo with no stator field, the exciting flux being produced by 
the armature itself. The stator terminals are connected to three 
brushes on the commutator ; in this way the necessary leading E.M.F. 
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is injected into the secondarv winding. Tests were made at 505 and 
460 volts. In one test at 505 volts the advancer was cut out, in 
the other the advancer was in circuit, as also in the test at 460 
volts. The relation between the power factor and kilowatt input 
is shown by the curves, Fig. J; and the conclusions to be made 
from the test are favourable to the use of phase advancers. 
The motor is very light for the output. Its net weight is 798 1b., 
representing 14°5 kg. per horse-power of rated load. From makers’ 
figures I find that as an average value for a motor, having no advancer, 
of the same output, frequency, and speed, and a power factor from 
86 to 88 per cent, the weight is from 14 to 15 kg. per horse-power. 


INPUT 
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Thus the decrease in weight of the motor resulting from the use of the 
advancer compensates for the increase due to the weight of the 
advancer itself. Without an advancer, to secure a high power factor 
the air-gap has to be very small. With its use the air-gap need 
not be so small, and the mechanical difficulties associated with a 
small air-gap disappear. For these reasons the cost of the motor and 
phase advancer should not necessarily be greater than that of a motor 
with no advancer. 

The efficiency of the motor is 89 per cent at full load. The 
additional losses due to the brushes and ohmic resistance of the 
advancer are thus small; and the gain resulting from the reduction 
of the current for a given output is greater than the additional losses. 
There is no sparking at the brushes at full load when the line current 
to the advancer is about 130 amperes. The magnitude of the leading 
E.M.F. is 5'4 volts at full load, at half load 4:9 volts, and with motor 
running light it is 3 volts, showing the tendency to saturation of the 
magnetic circuit of the advancer. It is interesting to note that the 
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power factors obtained were less at the higher voltage. This follows 
from the vector diagram, assuming, as an approximation, that the cur- 
rent diagram isa circle. In Fig. K, ABC is the current circle for the 
lower voltage, and A' B' C' that for the higher voltage. For a given 
input as represented by the height of the horizontal line, I I, the phase 
angle is greater for the higher voltage over the working range of the 
motor. The greatest improvement in the power factor is at the higher 
loads. When lightly loaded the power factor is somewhat low ; and 
the advantages of the advancer would be increased if by some means 
the power factor could be made higher at light loads with no addi- 
tional complications. The greater part of the decrease of the lcading 
E.M.F. of the advancer takes place between no load and about one- 
third full load. For these loads the E.M.F. is approximately propor- 
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tional to the current, and the power factor decreases considerably. 
The author will perhaps say whether, with advancers of this type, it 
is possible to obtain a high power factor at low loads as well as at the 
higher loads. 

Mr. A. M. TAYLOR (communicated): The question of cost is of the 
greatest importance. The difficulty, as has already been pointed out 
by Dr. Kapp, is to find out who is to pay for the phase advancer—the 
customer or the power company. The following appear to be approxi- 
matel y the costs of the different methods now available for improving the 
power factor: A large synchronous motor costs something like £1 тоз. 
per kilowatt of power dealt with ; Prof. Walker's arrangement prob- 
ably comes to about 5s. or 10s. per kilowatt ; whilst the use of Moscicki 
condensers, according to the figures given by Mr. Mordey, costs about 
£5 тоз. per kilowatt where the voltage is 5,000 and the periodicity 25, 
and the power factor has to be raised from o'8 to unity. This seems 
to put the condenser entirely out of the running when compared with the 
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Ir. Taylor, two other arrangements. It seems possible to reduce the cost of 
the condenser considerably, if of the glass-insulated type, by raising 
the voltage at which it is worked. I suggest that for this purpose 
a static transformer be employed, whose secondary is wound to give 
a very high voltage, the transformer discharging into the condenser. 
As the size of the condenser required varies inversely with the square 
of the voltage, there may be possibilities in the arrangement if prac- 
ticable. A difficulty with the author's phase advancer is that it appears 
necessary to use it with an induction motor ; and I believe it cannot 
be installed on any part of the system by itself. 

ы Professor MILES WALKER (in reply): Professor Карр has rightly 

| called attention to many advantages which the phase advancer gives 
us besides those mentioned in this paper, but I must remind him that 
I referred at the beginning of the paper to one written four years ago, 
of which this paper is only a continuation. I think if Professor Kapp 
looks at the first paper he will find that the question of the maximum 
torque of the motor being increased is fully dealt with, and also the 
question of efficiency is gone into with some minuteness. One point 
of great importance is the fact that the stator copper loss, which may 
amount to 14 per cent, can: be reduced to only 1 per cent, while 
the rotor copper-loss, which is somewhat increased, can be very easily 
provided for by having a little more copper in the rotor. It will pay 
to do that, because as a matter of fact if we consider the interest on 
the money spent on the extra copper in the rotor it will be found 
to amount really to very little indeed. There is always room on the 
rotor, whereas on the stator there is no room to introduce the extra 
copper unless the size of the motor is considerably increased. Another 
most important matter affecting efficiency is the fact that a smaller 
framie can be used and a smaller motor constructed, and on account 
of the higher output torque the motor can be worked at a higher 
rating, that is to say, the same frame is worked all day long at a 
higher rate. I think it is quite possible that, even with these ad- 
vantages, in the case of comparatively small motors there will still be a 
slight loss to set against the phase advancer. I admit that may be the 
case, but I believe that with properly designed large motors the total 
loss of the whole plant will be rather less than if a phase advancer 
is not used and the same amount of material only employed. I also 
went into the question of the use of an iron machine as against a 
copper machine in my earlier paper, and commercial questions in 
general were considered, particularly the saving of copper in the 
mains, etc., which is after all the greatest thing we are aiming at. 
I take it that the main reason why we want to get our power dis- 
tributed at unity power factor is on account of the capital cost of 
the mains. Thatis far greater than the cost of machinery. The cost 
of the power house and the electrical plant is practically nothing 
compared with the cost of the copper in the mains, and what is 
wanted is to raise the power factor to unity. The way to do that 
is not, as Dr. Smith says, to install generators that will take the load, 
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but to take care that the customer gives unity power factor. If 
one customer must have a lagging power factor, then if some other 
customer next door can be persuaded to give a slightly leading power 
factor and thus equalize the leading and lagging currents, that is a 
good policy. This brings me to the use of the phase advancer when 
the motor is working on a light load. It is quite true that with the 
Scherbius phase advancer with which Professor Kapp dealt the power 
factor is not so good at light load. The machine is designed to give 
unity power factor, say, from half load to full load. But we are not 
obliged to have that characteristic. We can by choosing the right 
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kind of excitation, as I have shown in the previous paper, make the 
induction motor take a fairly large leading current at no load. We 
are not so much concerned with the figure which expresses the power 
factor at various loads as the figure which gives us the amount of 
leading current taken at various loads. A phase advancer provided 
with a series winding such as that described in the paper has the 
characteristics of an ordinary series generator. Below a certain speed 
it will not excite itself. Above that speed it excites itself and runs 
up in voltage until the field is saturated. Such a machine run at a 
high enough speed over-excites the rotor even at no load and makes 
the stator take a leading current. The power factor is then fairly low 
and leading. As the load comes on, the leading current increases 
slightly, but the power factor comes nearer to unity. This has been 
done. (See the table of tests given in the paper.) It is quite possible 
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to have a phase advancer with a characteristic like that shown in 
Fig. L. That is to say, at light loads the machine is running with 
a very low power factor, all leading. We have plotted instead of 
power factor the amount of leading kilovolt-amperes. Let the 
abscissze be load and let the ordinates be leading kilovolt-amperes. 
The right characteristic to get is the one shown, and that is quite 
easily obtained with a phase advancer provided with a field winding. 
When the motor is running light it is feeding a leading current of 
a certain amount. Perhaps an 800-h.p. motor could feed 300 k.v.a. 
leading into the mains, neutralizing the bad power factor of other 
motors in the vicinity; and as the load comes on (notwithstanding 
that the leading current increases slightly) the power factor becomes 
nearly unity. That characteristic is, I think, one that is to be aimed 
at in many cases, and it can be easily obtained by means of the right 
phase advancer, either of the Scherbius type or the British Westing- 
house type. 

With regard to Mr. Ashton’s remarks about condensers, I am very 
glad to hear that condensers can be built so cheaply, and that they can 
give such a good performance. He must not suppose for a moment that 
Iam sorry to hear that heis in competition. I think there is room for 
everybody to deal with the question of the improvement of the power 
factor. He says that for a 50-cycle circuit we can buy condensers at 
£2'8 per k.v.a. Ithink he must be taking the theoretical price at which 
they ought to be supplied. On the other hand he puts the price of a 
30-k.v.a. machine running at 490 revs. per minute at £250, surely a very 
high price. Itis more than sufficient to cover the cost of the advancer 
and 60 per cent more copper in the rotor circuit (a matter of £55), 
which if put in would make the total losses in the motor some 20 per 
cent less than they are without the phase advancer. If this extra 
copper were added (and one is never pinched for room for copper in 
the rotor in the design of an induction motor) the saving in the motor 
would entirely compensate for the losses in the advancer, so the £485 
per annum falls to zero. While I think that Mr. Ashton has put the 
case of the advancer rather unfairly, I am prepared to admit that the 
condenser, if it can be supplied cheaply enough, is an excellent pro- 
position. One advantage—and it is a very big advantage—that the 
condenser has over the phase advancer is that it can be used without 
any induction motor. The factor of safety, however, is a very impor- 
tant matter. Condensers to be acceptable to the station engineer must 
be built with a very large factor of safety ; there must be no danger of 
their heating up and short-circuiting. 

In connection with this we must remember that the phase advancer 
is a machine which is absolutely independent of the motor. It can be 
shut down at any time desired. If anything were to go wrong with it, 
it is simply short-circuited and shut down, the motor running on 
without it. In that respect it is even better than the exciter of a syn- 
chronous motor.. No one thinks of installing a synchronous motor 
without fitting an exciter to it, and a synchronous motor can be 
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run on the mains perfectly well without an exciter. Why does not Professor 
. Walker, 

every man who has a synchronous motor say, “I will not have a com- 
mutating machine in my station. I will scrap my exciter and draw the 
magnetizing current from the mains.” Many synchronous motors will 

run without any exciter at a very low power factor. As soon as it is de- 
monstrated that the phase advancer commutates as well as the average 

exciter it will be used for improving the power factor of an asynchron- 

ous motor just as the exciter is used to improve the power factor in the 

case of the synchronous motor. 

Mr. Shuttleworth’s statement with respect to Fig. то is quite correct ; 
the smallest injected E.M.F. which will give us the required leading 
current is an E.M.F. at right angles to О E,, such as the E.M.F. E,Q 
in his figure. Now the E.M.F. Е.Р is one which is very easily 
obtained in the manner described in the paper, and it does not differ 
from E,Q by a very great percentage. The effect of the additional 
component Q P is to reduce somewhat the slip of the motor so that we 
get rather more power out of the motor, and this compensates for the 
extra power taken to drive the phase advancer by reason of the exist- 
ence of the component QP. In reply to the observations upon com- 
mutation, I would point out that the main flux from the horn of the 
pole which is used for commutation is strictly in phase with the current 
to be commutated. The more one rocks the brushes forward the 
stronger the effective commutating field becomes. The limb of the 
coil which is not in this field is put as near as possible in the neutral 
part of the field between two poles. The brushes can be rocked over 
an arc quite great enough for adjustment without fear of this limb 
getting into too strong a field of the wrong phase. Even if we rock 
the brushes too far forward the unused limb of the coil only comes 
into a very weak field which differs by 60 degrees from the phase 
of the correct commutating field. The fact that the E.M.F.’s of the 
armature and the compensating winding do not balance one another at 
every point is of little importance ; it introduces a disturbance which 
is a small quantity of the second order. If phase advancers can be 
built to commutate without compensating windings at all, a fortiori 
they can be made to commutate with windings which only give 9o per 
cent of the required field correction. I would advise the use of the 
simple Le Blanc advancer without field windings up to sizes which 
admit of good commutation. As the size is increased it will be 
found that the more complex machine with a field winding is 
required. 
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Proceedings of the Five Hundred and Forty- 
eighth Ordinary Meeting of the Institution. of 
Electrical Engineers, held on Thursday, 
23rd January, 1913—Mr. W. DuppeLL, F.R.S., 
President, in the chair. 


The minutes of the Ordinary Meeting held on oth January, 1913, 
were taken as read, and confirmed. 


The list of candidates for election and transfer approved by the 
Council for ballot was taken as read, and it was ordered that it 
should be suspended in the Hall. 


Messrs. H. C. May and G. Y. Fraser were appointed scrutineers of 
the ballot for the election and transfer of members, and, atthe end of 
the meeting, the result of the ballot was declared as follows :— 


ELECTIONS. 


As Members. 
Julian Cleveland Smith. | John Joseph Stewart. 


As Associate Members. 


James Allan. 

Amos Aspinall. 

Charles Tertius Astbury. 
Frank Birch. 

John Wesley Burleigh. 
Henry Talbot Byford. 
George Cardwell. 
Alfred Clark. 

Hugh Cochrane. 

W. Roylands Cooper. 
Harry Thornber Cert. 
William John Cross. 
Edward Lancelot Eastgate. 


Francis Thomas C. Emberton. 


Frederic Andrew Fitzpayne. 


Frank Marshall Fletcher. 
Lewis Vivian Fox. 

William Charles Fripp. 
Ernest Arthur Gatehouse. 
William Percival Gauvain. 
William Grant. 

George William Harris. 
Samuel Trail Jameson. 
Edward Cecil Jennings. 
Walter Lawson. 

Walter Cecil Moore. 

Robert Leechman Morrison. 
Ernest Miiller. 

John Campbell Murray. 
William Ferrier T. Pinkney. 
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ELECTIONS (continued). 


As Associate Members—continued. 


John Thomas Turney Randles. 
Clifford Clare Rattey. 

Albert Robert Reeves. 

Henry Neville Rodgers. 
Charles William Salt. 

Hjalmar Rudman Schultz. 
Robert Scrivener. 

William Shead. 

Frederick George Shrewsbury. 
Bertram Hardy Smith. 


George Herbert Spittle. 
Harry Edgar Street. 

George Sykes. 

William Edmund Turner. 
Reginald Weaving. 

Thomas Welch. 

Frank Herbert Wigner. 
Douglas Marshall Williamson. 
Percival Wood. 

William Wood. 


As Associales. 


Herbert Laidlow Downes. 
Sir Henry Norman, M.P. 


Percy Fitz-Patrick Rowell. 
Eric Sinkinson. 


As Graduates. 


William Henry Griffin. 
Cecil Cyprian Higgen:. 
Selby Baldock Howard. 
Thomas William Howard. 
George Edward Pearson. 
Sydney Charles Potts. 


Edwin Borton Roscoc. 

U. P. Roy. 

John Osborne Spong. 
Douglas Gordon Thomson. 
John Wilfred Treherne. 
Thomas Eaton Ward. 


Matthew Montagu Wyatt. 


As Students. 


John Thornton Bedford. 
Aubrey Edward Walter Butler. 
Vernon Lionel Frederic Davis. 
Albert Henry Deimel. 

Edgar Edminson. 

Frank Frost. 

William Gwennap. 

Harold Vienna Higby. 

Harold Honey. 

George Alexander Keith. 

Roy Goodwin Kilburne. 
Harold Willoughby Lookcr. 
Arthur Thomas Mahon. 

Victor Henry Maurel. 

John Harper Meacock. 

James Norman Metcalf. 

Abd el-Khalic Motawi. 
Stephen Edward Pritt. 


| 


John Renton. 

Harold Riley. 

Basil Samuel Saunders Rockey. 
John Robert Rutherford. 
Mehemed Sadick. 

Chandra Sekhar Sarkar. 

Cecil Arthur Smiles. 

Herbert Robert Sparrow. 
Leslie Craven Speed. 

Adrian Francis Sykes. 

Kenneth Baring Taylor. 
Harold Richard Tuppen, B.Sc. 
Randle Henry Neville Vaudrey. 
Charles Norman Vernon. 
Anthony Joseph Waugh. 
Stanley Birkett West. 

George Backhouse Whitaker. 
Arthur Willcock. 


Cyril Victor Clarence Wright. 
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TRANSFERS. 


From the class of Associate Members to that of Members :— 


Frederick Arthur Bond. Lewis Anderson Smart. 
Percy Vivian Gray. Rupert Stanley. 

Joseph Josephs. George Stevenson. 

Frederick Edward Kennard. Harold Dalrymple Symons. 
Walter Lockhart Maxwell. Joseph Patrick Tierney. 
Arthur James Mayne. Reginald Norman Torpy. 
Frederick Steell Robertson. William Bradley Woodhouse. 


From the class of Associates to that of Members :— 


Frederic Horton Clough. Charles Woodward Neele. 
Edward Henderson Freeman. David Thomas Powell. 
James Boyd Shield. 


From the class of Associates to that of Associate Members :— 


George Brad well. Algernon Coste Gilling. 
Edward George Brown. Frank Clements Knowles. 
Herbert Dean. Percy Wright Paget. 
Alfred Eddington. Thomas Gregory Smith. 
Thomas Gillies. Frank Thomas Wright. 


From the class of Associates to that of Graduates :— 


Lewis Oswald Monson. 


From the class of students to that of Associate Members :— 


Douglas Betts. John Henry Palmer. 
Valentine Frederick Bush. Gesner Clovis C. Sharples. 
William Edward Flower. Benjamin Spalding Smith. 
Daniel Harrop. Herbert Alexander Stewart. 
Herbert Ferrier Jefferson. George Henry Taylor. 
Laurence Walter Johnson. Morice Ord Teague. 
Reginald Otto Kapp. Richard Alan S. Thwaites. 
Harold Kingsbury. Leslie Newton Vine. 
Arnold Lewin. Arthur George Warren. 
Percy Tindell Maybury. James Warren. 

Eugene Orloff. Edgar Whitehouse. 


From the class of Students to that of Associates :— 


Harry Greenwood. 
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From the class of Students to that of Graduates :— 


Montagu Barrington Baker. Ronald William Manifold. 
Edwin Guthrie Bowers. James Miller. 

William Bridger. | Ronald Atkinson Nuttall. 

William Galloway Conner. = David Victor Oppenheim. 
Angus Dow Mackinnon. David Edwin Parton. 


Arthur Cobbold Smith. 


A paper by Mr. F. H. Whysall, Associate Member, entitled “The 
Use of a Large Lighting Battery in Connection with Central Station 
Supply" (see page 376), was read and discussed, and the meeting 
adjourned at 9.40 p.m. 
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THE USE OF A LARGE LIGHTING BATTERY 
IN CONNECTION WITH CENTRAL STATION 
SUPPLY. 


By F. H. WHYSALL, Associate Member. 
(Paper first received 7th December, 1912, and in final form 3rd Sanuary, 
1913; read before the INSTITUTION 23rd Fanuary, and before the 
MANCHESTER LOCAL SECTION, 28th January, 1913.) 


SYNOPSIS. 


Introduction. 

Short technical description of Dickin- 
son-street battery. 

Regulating cells, boosters, and 
methods of charging and dis- 
charging. 

Field for economies in central-station 
practice. | 

Comparison of capital costs. 

Comparison of running costs. 


Stand-by charges. 

Dickinson-street battery, actual finan- 
cial results. 

Summary of saving effected by 
Dickinson-street battery. 

Method of constructing theoretical 
curve giving coal values for any 
load factor. 

Records and care of batteries. 

General conclusions. 


This paper is for the most part based on the results obtained over two 
complete years’ working of the 12,000 ampere-hour battery installed at the 
Manchester Corporation Electricity Works, Dickinson-street, in March, 1910. 
This battery was at the time of its installation the largest ever constructed, 
and has a maximum discharge capacity of over 15,000 amperes. 


INTRODUCTION. 


In times gone by, this Institution has dealt repeatedly with the 
question of secondary batteries ; but most of such papers have been 
concerned with the construction or behaviour of batteries without 
special reference to the particular object for which they may have been 
installed. It will readily be realized that before so large a battery as 
that at the Manchester Corporation Electricity Works, Dickinson- 
street, could be recommended, the saving to be effected by its use had 
to be most thoroughly and carefully examined. Not only had the 
initial cost of the battery to be compared with that of an alternative 
increase of generating plant, but the method of using a battery, 
whether on lighting or traction and over what periods, had to be 
decided. 


1918. ] IN CENTRAL STATION SUPPLY. 877 


It is now two years since the battery was installed, and the object 
of the present paper is to show to what extent the predictions as to its 
use have been fulfilled, and what relief has been obtained in the cost 
per unit supplied. The author thinks it will be admitted that the 
battery has thoroughly justifed itself during this period, and the 
figures in this paper should tend to encourage other engineers of 
central stations to go and do likewise. 

Although details of the battery arrangements have already been 
published, it is necessary, in order that this paper may be complete 
and clear, to put down for reference the more important data of the 
equipment. 


TECHNICAL DESCRIPTION OF THE BATTERY. 


The battery consists of 210 cells, each cell containing 38 positive 
plates and 39 negative plates of the following dimensions :— 


Positive plates, 201 in. wide х 29 in. deep X ory in. thick. 
Negative plates, 203 in. wide x 29 in. deep x 0°31 in. thick. 


The positive plates are of the Planté formation, cast in one piece, 
but the negative plates are of the improved box type composed of half 
grids securely riveted together, the spaces between them being filled 
with active material. Specially treated wooden separators are em- 
ployed between adjacent plates, and a free space of 8 in. is left at 
the bottom of the cell for the accumulation of deposit. 

The cell boxes are of pitch-pine lined with lead, the outside 
dimensions of each box being as follows :— 


Length, 6 ft. 14 in. ; width, 2 ft. 24 in. ; height, 3 ft. 44 in. 


The following are the guaranteed performances of the cells :— 


Maximum discharge rate, 15,000 amperes. 
One-hour discharge rate, 8,400 amperes (3,000 kw.). 
Charging rate, 4,100 amperes. 
Maximum charging rate, 6,500 amperes. 
i voltage, 2°75 volts per cell. 
Ampere- -hour efficiency, 9o per cent. 
Watt-hour efficiency, 66 per cent. at r-hour rate (8,400 amperes). 
T " 75 per cent. at 3-hour rate (3,900 amperes). 
Final voltage per cell, 1°67 volts at 1-hour rate. 
» 1'78 volts at 3-hour rate. 
Weight of each cell and acid complete, 2 tons r9 cwt. 
» complete battery, 620 tons. 
Floor space occupied, 5,966 sq. ft. 


REGULATING CELLS, BOOSTERS, AND METHODS OF CHARGING AND 
DISCHARGING. 


The chief advantage attached to the use of regulating cells is that 
the output of the battery is not limited by the capacity of the boosting 
VoL. 50. 25 
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plant ; and in cases where a battery is used as stand-by, regulating cells 
have distinct advantages over boosters. On the other hand, with large 
batteries the switchgear for regulating cells becomes, with its connec- 
tions, a very cumbersome piece of apparatus, and the usual practice is 
to have booster regulators, automatic or hand-regulated, except for 
stand-by batteries and batteries of small size. Traction batteries always 
have automatic boosters, and in all cases where boosters are used it 
should be possible to parallel the battery without boosters in circuit 
under breakdown conditions. 

The reversible booster enables all the cells to be used equally, 
and avoids the necessity of cutting out regulating cells when fully 
charged. i 

With larger batteries the cost of reversible booster and battery is 
less than for battery with regulating cells plus charging booster, 
which is necessary in any case. The efficiency in both cases is about 
the same. 

In the United States of America batteries are frequently installed 
large enough to supply the whole load of the system for a short time in 
case of a total failure of the generating plant ; but this is not usual in 
this country. In such cases regulation by regulating cells is adopted, 
and in extreme emergencies the battery can be called upon to give an 
enormous discharge far exceeding its normal rating. It is important 
that the discharge should not be limited by the carrying capacity of the 
booster ; a regulating switch can be overloaded to a much greater 
extent without any serious injury. 

Further, when batteries are used only in case of breakdown, if a 
reversible booster were used either the booster would have to run 
continuously with no load, or else when a sudden breakdown occurred 
the battery would not be immediately available. Where a battery is 
put in to reduce fluctuations in the load on the generators it is also 
looked upon as a stand-by, but this is not its principal function ; further, 
at times of heavy load the reversible booster would in any case be 
running. 

The chief duty of the Dickinson-street battery is to take 3,000 kw. 
off the lighting peak. It is also looked upon as a stand-by. But its. 
chief duty is load-levelling ; and it was therefore decided to have three. 
hand-regulated reversible boosters, as shown in Diagram A, Fig 1, and 
to run them in parallel at times of maximum discharge. At other 
times, one or two would be used as required. It may be noted, how- 
ever, that such importance is attached to the question of overload in 
emergency that it is the universal custom on the Continent to use 
regulating cells in all central-station batteries. 

In this country, the first large batteries with which reversible 
boosters were used were those installed by the Charing Cross, West 
End and City Electricity Supply Company some twelve years ago ; in 
fact, these were the first important central-station batteries installed 
for taking the peak load. In this case the transmission is by high 
tensign, and a battery unit giving about 400 to 500 kw. is installed in. 


epee ® 
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each of the seven sub-stations. Since that time the number of impor- 
tant batteries has been steadily increasing; but they are all used in the 
same way, with one exception, where a combination of regulating cells 
and reversible booster has been adopted so that the battery can be dis- 


ЖИШП 


FiG. 1.—Diagram showing alternative methods proposed 
for Battery Regulation. 


charged and regulated to a limited extent, even when the booster is not 
running. 

At Dickinson-street the battery was also arranged for use on the 
traction supply ; and for this duty a series-parallel arrangement was 
made of an extra busbar and change-over switches for one booster. 

Short-circuiting switches are provided for all booster busbars, these 
switches being used to cut out the boosters under breakdown condi- 
tions, or when boosters are not required, for instance on Sundays, when 
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the battery does the whole of the lighting load for the greater portion 
of the day. | 

The lighting load is much bigger than the traction load, and for 
some time it has been found more economical for that reason to 
confine the use of the battery to the lighting load. The boosters 
worked quite satisfactorily on traction with automatic exciter regulation 
as shown in diagram C, Fig. 1, but the saving effected in works costs 
was not so great as when the battery was used on lighting alone. 

It was originally intended to charge the battery on traction, thereby 
providing a constant load for one 1,800-kw. traction generator, and 
enabling it to do the whole of the traction load for the city area by dis- 
charging over the traction peaks ; also to change the battery over to 
lighting for the lighting peak. 1t was found that at certain times of the 
year the traction and lighting peaks were coincident, and for this and 
other reasons stated, its use is now confined to lighting. When the 
traction and lighting peaks are not coincident the battery now virtually 
does both, because it is made to take up the duty of the set which is 
changed over from the lighting system to traction to supply the traction 
peak load. 

The boosters are of the Turnbull-McLeod automatic reversible 
type, and were manufactured by the Lancashire Dynamo and Motor 
Company. They have equalizing rings to every turn of the armature 
windings, on account of the heavy circulating currents, and the yokes 
of the boosters are laminated. Each booster is capable of a maximum 
boost of 5,600 amperes at 8o volts for a few minutes. 

Swilchgear.—The switchgear consists of то panels :— 


Onc main battery panel ; 

Three booster generator panels, І, 2, and 3 ; 
Three booster motor panels ; 

One diverter panel ; 

One booster short-circuiting panel ; and 
One exciter panel. 


A diagram of connections is shown in Fig. 2. 

Two substantial circuit-breakers are inserted in the main cables as 
close as possible to the battery house. These circuit-breakers are 
of the magnetic blow-out type, and are capable of carrying 15,000 
amperes continuously. Each is enclosed in a separate concrete cubicle 
so as entirely to shield it from all other parts of the station, and each 
is electrically and independently operated from the switchboard by 
means of solenoids. 

The circuit-breakers are non-automatic, and are provided with a 
suitable controller to show by means of signal lamps on the operating 
panels whether the circuit-breaker is closed or open. The large 
circuit-breakers on the main switchboard are of a similar type, but 
mechanically operated from the front of the panels. The circuit- 
breakers themselves, however, are also enclosed in concrete cubicles. 
'The switchboard circuit-breakers are automatic, 
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The busbars and connections are carried on a very substantial iron 
framework at the back of the main board ; and here, again, the lay-out 
has been designed with the object of separating the various busbars by 
enclosing each in a concrete trough. Busbars of aluminium have been 
employed throughout. 

The main 15,000-ampere change-over switches are constructed of 
a number of parallel strips clamped together with suitable distance- 
pieces between, and these interleave with contacts of similar construc- 
tion. Bolts pass through both contacts, and these can be tightened up 
when the switch is closed, making excellent contact. 
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Ма" Noon = 
Fic. 3.—Load Curve (without battery). 


The proposed use of a battery is shown by the “hatched " portions of the curve. 
units generated x tine) 


Load factor = 32 per cent. (Load factor = max. demand x time 


FIELD FOR ECONOMIES IN CENTRAL-STATION PRACTICE. 


The improvement effected in the load factor of steam plant really 
covers everything ; but a list of items under this head may be given in 
detail as follows :— 


Saving in stand-by boilers required : Equivalent to 1-hour rating 
of battery, owing to extra time available to raise steam, and 
owing to possibility of applying load gradually. 

Saving in capital expenditure, and corresponding annual charges 
thereon. 

Saving in wages of running staff. 

Saving in cost of peak-load units. 

Saving due to “ buffering,” i.e. load-levelling, пара all units to 
run at their most economical load. 


Kilowatts 
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Ес. 4.—Load Curve (with battery in use). 


This curve shows the load on the steam plant. 
Station load factor = 43'5 per cent, 


оо Ш= Battery Charge by steam plant. A= Battery Charge by motor converter. 
7,000- == « discharging on lighting bars..-E77]- Traction load оп) "Н " 
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Fic. 5. dU qe Curve. 
Load factor on cum plant = a E pe cent. 
x. demand = 
Improvement in load factor = 1 Er I per cent. (all due to battery). 


Number of units generated — 83,500. 
Max. load on steam plant = 5,150 kw. 
Max. demand on station = 6,400 Км. 
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The values of all these items can be variously ascertained as detailed 
in the following text, and usefully checked against each other. It will 
also be seen how engineers may safely estimate the possible saving to 
be expected of any proposed battery installation. 

In Fig. 3 is shown a typical winter-load curve at the time of the 
installation of the Dickinson-street battery, the hatched portion of 
the curve representing the duty proposed. Fig. 4 shows the expected 
resultant load curve for steam plant. 

The load factor in Fig. 3 works out at 32 per cent, and is improved 
to 43°5 per cent in Fig. 4. In Figs. 5 and 6 we have typical summer- 
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Midnight Noon Midnight 
Fic. 6.—Winter Load Curve. 
Load factor on steam plant = 49'I per cent. 


б „ On тах. demand = 34:4 , ,, 


Improvement іп load factor = 1477 per cent. лш due to bat- 
— tery alone 972 per cent.) 
Peak discharge = 11,0co ampere-hours. Max. demand = 9,000 amps. 
umber of units generated = 134,080. 
Max. load on steam plant = 11,375 kw. 
Max. demand on station — 16,250 kw. 


and winter-load curves since the installation of the battery, and it will 
be noted that the load factors obtained are actually much greater than 
those anticipated, and are respectively 67:5 per cent and 49'1 per cent. 

In Fig. 7 a chart is given showing the effect of load factor on coal 
consumption and works costs at Dickinson-street and Bloom-street 
works. This chart has been plotted from actual results obtained over 
a period of eight years, from 1904 to date, and checked by over 100 
monthly observations. This process has eliminated very largely any 
irregularities which might have occurred in the curve due to abnormal 
conditions apart from the effect of load factor. 
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Dickinson-street is now considered an old station, and the largest 
units at Dickinson-street and Bloom-street stations are of not more 
than 1,800-kw. capacity. Attention should be drawn to the fact that 
the observed coal consumption per unit—of the combined stations— 
has been down to the low figure shown on the chart. The lowest 
figure for a monthly observation per unit generated since the installation 
of the battery is 2°66 1b., and per unit sent out 2°79 1b., the difference 
being accounted for by units used at the Works and units lost in the 
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Fic. 7—Curves showing effect of Load Factor on Coal Consumption and 
Works Costs at Dickinson-street and Bloom-street Electricity Works, 
Manchester. 


Curve A: Works cost per unit generated in pence. 
Curve B: Pounds of coal per unit generated (from actual observations). 
Curve C: Pounds of coal per unit generated (by formula). 


battery. The commercial efficiency of the battery was for the first year 
70°6 per cent, and for the second year 7r'1 per cent. 

It is quite unfair to consider a battery capable of saving only the 
stand-by represented by its 1-hour rating capacity. In the storm-load 
chart, Fig. 8, the maximum demand (ignoring traction) was 44'5 per 
cent greater than the boiler capacity at the commencement of the 
darkness ; and the battery was able to take care of the rising load as 
shown, ahead of the extra boilers which had to be got into commission. 
Without the battery it would have been impossible to get these extra 
boilers up in time. In other words, it would have been impossible to 
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keep steam, and would have meant practically a total failure of supply 
unless some portion of the load could have been cut off. What might 
be described as the elasticity of the system due to the battery makes 
the question of boiler stand-by much easier, and less boiler plant is 
required to meet a given load when such load can be put on 
gradually. 

It is possible to get up 20 boilers in the same time as one, given 
the necessary men, and what happens in practice is this: When it is 
seen that extra boilers will be required they are lighted up, and the 
battery is eased by the running plant until the steam pressure begins 
to fall. The battery is then called upon to supply the rising load until 
the extra boilers are steaming. This process may be repeated and 
other boilers got away, the constant effort of the engineers-in-charge 
under these circumstances being to get the battery off discharge and to 
keep it fully charged in reserve to meet the final peak of the load. 


CAPITAL CosT. 


The increased use of large batteries in central stations during the 
last few years has been chiefly due to reduction in first cost owing to 
improvements in design, i.e. a greater percentage of lead employed is 
active material ; for instance, positive plates have probably two or 
three times the surface of plates of the same weight made twenty 
years ago. 

There is also a reduction in capital cost of manufacture, principally 
in the formation, the present rapid processes taking only a few days, 
instead of many weeks, as formerly. Other improvements in manu- 
facture are the use of better methods and tools, in keeping with general 
industrial progress. 

There is also a reduction in cost of upkeep and improved reliability ; 
but these come under another heading. 

When the Dickinson-street battery was proposed, the estimated 
comparison of capital costs was as follows :— 

The hatched portion of Fig. 3, previously mentioned, shows the 
portion of load which it was thought desirable to transfer from the 
generating plant to the battery, representing the peak load on a two- 
hour base, or all load of less than 8 per cent daily load factor. By 
measuring the mean area of this hatched portion, we arrived:at the 
* units of output," e.g. on the curve shown the figure is 3,000 kilowatt- 
hours, equivalent to about 7,000 amperes for one hour. With this datum 
as a basis, it was easy to estimate the size of battery required. Thus:— 


Equivalent 
Rate. Output. in Amperes. 
I hour 3,000 kw. 8,400 
2 hours 2,000 ,, 5,000 
3 » I,500 ,, 4,000 
Emergency, 
{ hour 4,500 ,, 11,500 


5 minutes 6.000 ,, 15,000 
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APITAL COST OF GENERATING PLANT FOR 3,000 Kw. 


3,000-kw. steam plant at Stuart-street (excluding 


buildings but including all else) ... es 0. 36,000 
High-tension cables for 3,000 kw. ess sut .. . 5,000 
3,000-kw. sub-station at Dickinson-street ron .. 10,000 

Total ... -— des a ... $51,000 
4 
Р 4 
3,000-kw. battery plant at Dickinson-street (at 1-hour 

rate of discharge, and including boosters and 

switchgear)... m а ER X .. 18,000 
Buildings... кы s 5s a tos ... A 2,000 

Total ... ie - s ... £20,000 


Difference in capital expenditure : £51,000 — £20,000 = £31,000. 


INTEREST AND SINKING FUND. 


Steam plant: £51,000 to be repaid in, say, twenty years :— 
Interest  ... .. 3% рег cent. 
Sinking Fund 4s 9 „ y 


71 per cent. = £3,608 


Battery : £20,000 to be repaid in, say, ten years :— 
Interest  ... . 34 per cent. 
Sinking Fund ... 8$ , , 


oom am 


12} per cent. = £2,450 


Difference in favour of battery... 9 e. £1,248 


The actual costs came out as follows, using the same figures for 


steam plant for Stuart-street, high-tension cables, and sub-station as 
before. 


ACTUAL CosT OF BATTERY PLANT, DICKINSON-STREET. 


3,000-kw. battery at 1-hour rate of discharge, including 
boosters and switchgear. 


£ Loan Period. 
Storage battery ies sie des ... 15,034 7 years. 
3-motor booster combination ius s 2,0: 15 ж 
Switchgear  ... us ios Tn be 357525. X5. 4 
Buildings ids BS is "T .. 2,000 20 ,, 
Total ... a ... £21,567 
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Estimated steam plantexpenditure,as above 51,000 
Actual cost of battery plant bus .. 21,567 


Difference in capital expenditure £29,433 


DIFFERENCE IN INTEREST AND SINKING FUND. 


Steam plant : £51,000 to be repaid in, say, twenty years :— 
£3,698 = above) 
£21,567 to be repaid in ten years :— 
Interest 34 per cent. 
Sinking Fund 8$ ,  ,, 


124 per cent. = £2,642 


Saving in capital charges per annum in favour 


of battery Pr 5 is iu we £1,056 
COMPARISON OF COST PER KILOWATT OF CAPACITY. 
Estimated. Actual. 
Generating plant ... ns ios .. £17 оо £16 166 
Battery Я з ius "E æ. 6134 7 39 


In these days of turbo-driven units, the capital cost might be taken 
at a lower figure. 

Below are given estimated costs by Mr. J. F. C. Snell in his book on 
* Power House Design." 


LAY-OUT OF PROPOSED 120,000-KW. POWER HOUSE AT BARKING 
CREEK FOR BULK SUPPLY TO THE COUNTY OF LONDON. 


Rated output of Power House, 120,000 kw. ; Overload, 150,000 kw. 


Cost per Kilowatt. 


Capital Cost. | 
Rated. Overload. 
| 5 
Land ase diss as TE EN O'4I s 
Buildings ... з: E dos 344,000 2:87 2°30 
River work and pier ae .. 102,000 Q'85 0°68 
Coal and ash plant 59,000 049 | одо | 
Boilers and economizers К 199,000 166 133 | 
' Pipework and pump 105,000 0°88 o70 | 
Turbo-generator and condenser 430,000 3°58 2:86 | 
Switchgear, etc. ... .. 67,000 0°56 044 | 
Engineering expenses and con- 
tingencies ae 115,200 0°96 0°77 | 


Total... ger 1,471,200 12326 | 98 
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GENERAL. 


Average cost of power house buildings in large cities, £6 115. per 


kilowatt. 
Average cost of power house buildings in smaller provincial towns, 


£3 5s. to £6 per kilowatt. 
Average cost for larger power houses outside cities, £2 5s. to £3 


per kilowatt. 
Generally speaking, the cost of plain substantial buildings may be 


reckoned for estimating purposes approximately as follows :— 


£ 
5°00 per kw. for 2,500 kw. installed. 


4°00 ” » 5,000 » ) 
3°25 » „ 10,000 , T 
2775 Lb 21 25,000 Д э) 
2°50 » 7) 50,000 » » 
2°33 ” » 100,000 » » 


Costs compiled from the latest actual figures available are estimated 
by the author as follows :— 


Total Cost 
per Kw. 
£ s.d 
Land ... ve € “+ 0 5 6 
All buildings (including offices) . si Uu „ее Oe e C0 
Land for railway, railway complete and locomotive ip I9 Oo 
Coal and ash plant .. sie о 4 о 
Marine boilers with superheaters, including economizers, coal 
and ash chutes, scraper and stoker driving T e. 2 I3 о 
Foundations and flues for marine boilers ‘ea о 9 о 
High pressure steel pipes and covering, including ‘valves, 
(Main range not included) ... -— o2 6 
Turbo-alternator and condensing plant, pipework for condens 
ing plant and motor-driven fans  ... is sid ao, E 
Foundations for turbo-alternator and air ducts о 4 0 
Pipework for turbo-alternator, including circulating water 
pipes, atmospheric exhaust pipes and valves о 5 0 
Natural draught cooling towers ... ; O I3 O 
Foundations for cooling towers ... о 5 0 
High-tension cable . 255 г 8 о 
Converting plant, including switchgear ... 2 о 0 
Total  ... Hs is та Р £16 16 6 
Da сизу 


Total plant installed ... .. 56,500 kw. 


It should be noted that Mr. Snell's figure of £12°26 per kilowatt 
does not include items in the author's estimate amounting to £5 4s., 
which would bring up the cost per kilowatt on his estimate to £17°46. 

It would seem, therefore, that for peak-load duty of two hours 
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(which averages out at the 1-hour rate of discharge for the battery) 
the cost per kilowatt can be safely estimated at £17, which leaves a 
margin of £9 16s. 3d. in favour of the battery. 


RUNNING Cosrs. 


It is necessary when considering the cost of generation of peak- 
load units to take into consideration the fact that the most uneconomical 
units are reserved for this duty, and quite rightly so, also that these peak- 
load sets will not be run at their most economical load ; consequently 
the steam consumption will be high. Bare fuel cost per 1,000 kw. 
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Midnight Noon Midnight 
Fic. 8.—Storm Load Curve. 
Load factor on steam plant = 550 per cent 
5 » оп max. demand = 32:6 Ys 


Improvement inload factor = 22° 214 per cent. 


Number of units generated = 93,700. 
Max. load on steam plant = 7,100 kw. 
Max. demand on station = 11,980 kw. 


stand-by for this peak-load duty the author has estimated at £7 per 
week, or reckoning five days per week, £1 8s. per day. This latter 
charge becomes in the case of a 3,000-kw. battery £4 4s. per day for 
the bare 1-hour rating of the battery. But we have seen previously, 
when considering the effect of the battery on load factor, that it is 
unfair to credit the battery with stand-by savings on its bare capacity 
only ; and in Fig. 8, showing the storm-load curve, it is demonstrated 
that the battery saved stand-by to the extent of 44°5 per cent on the 
total boilers under steam at the beginning of the day, also that more 
boilers are necessary to meet sudden demands than can comfortably 
cope with an equivalent load applied gradually. We may safely 
assume, then, that on this occasion a 3,000-kw. battery saved stand-by 
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for its own capacity plus 44°5 per cent of the boiler capacity prior to 
the storm, which was 7,200 kw. On this, 44'5 per cent is 3,200 kw. 
Calculating at the same rate without allowing anything for the increased 
price of coal, we see that our 3,000-kw. battery at this time of the year, 
say, the five summer months from 31st March to rst September, is 
equal to steam stand-by at the rate of £8 8s. per day. Reckoning on 
the basis of five days per week gives £924. Adding £630 to this 
on account of the stand-by saving for its own capacity for the other 
seven months, we have a yearly stand-by saving of £1,554. 

Below are some observations at the city stations in corroboration 
of the author's estimate of stand-by charges over some months when 
steam stand-by had to be maintained. These figures were obtained 
by comparing the corresponding periods of the year previous when 
stand-by was not maintained. 


Month. тоно Cost. Stand-by. pis ENS. 
April, 191 1... die 488 ies ER $ o 
May, ,, ... Sus 203 105 5,000 5 5 
June, .. ... ..| 388 200 5,000 IO о 
July, ,. ... Ds 504 263 8,000 8 o 


It must be admitted that it is only fair to charge the battery with 
bare fuel costs corresponding to the input, because there is an actual 
saving on running fixed charges on the station when a battery is put 
in. The author supports this statement by saying that at Dickinson- 
street there are now twenty-two fewer men for an increased demand 
since the installation of the battery. Comparing bare fuel cost per 
unit generated, and crediting the battery with a commercial efficiency 
of 70 per cent, we get a cost per unit (reckoning 2:5 lb. of coal per 
unit at 125. sd. per ton) of o'237d. against a cost of r'55d. taken 
from the actual results shown on the load-factor curve for 8 per cent 
load factor. The peak-load units discharged by the battery since 
its installation, calculated at the rate of five complete discharges per 
week—31ist March, тото, to 31st March, 1912—are 1,560,000, and 
represent a saving of £8,534. This takes no account of the morning 
discharges and load-levelling duty during the rest of the day, com- 
monly called “buffering,” whereby each set on load is kept running 
at its most economical output, and sets do not need switching in and 
out to meet the vagaries of the demand. This can also be estimated 
from the load-factor chart. 

The improvement in load factor on the units generated, observed 
monthly over two years, is approximately 74 per cent, and the value 
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obtained from the chart is o*o8d. on 304 million units; this represents 
a saving of £10,166. 

We have, then, two distinct annual savings on running charges 
due to the battery : (1) Stand-by boiler fuel costs ; and (2) difference 
between steam generation at 8 per cent load factor and fuel bare cost— 
and as a check on these we have the saving indicated on the load-factor 
curve due to the improved load factor, which to be accurate should be 
reckoned for each month separately. This is the actual improvement 
due to the battery, and should cover both the other estimates and include 
the saving due to the buffering effect as well, because the later observa- 
tions shown in Fig. 7 were made after the installation of the battery. 
In fact, estimated savings from the load-factor curve should cover all 
savings on running costs when taken on the whole output. It should 
be noted here that there is a theoretical curve drawn in on the load- 
factor chart, based on a test figure obtained for the city stations of 
2's lb. per kilowatt for тоо per cent load factor, and the known stand-by 
fuel charges as previously detailed. It is necessary also to mention 
that when Stuart-street works act as stand-by to the city stations allow- 
ance is made and included in the fuel costs, from which the actual 
curve of cost is drawn. The whole of any improvement shown is 
therefore due to the battery alone. "These remarks do not apply to the 
actual coal load-factor curve, which benefits to some extent from the use 
of the sub-station, and accounts for its nearness to the theoretical curve. 
The lowest observations, however, on both the coal and cost curves 
were of course made some years before the installation of the battery, 
and the lowest one of all was made when the plant was running non- 
condensing at Dickinson-street (on account of alterations to the cir- 
culating water culvert). For condensing, of course these two points 
would be lowered 334 approximately per cent. 


TABLE SHOWING SAVING ON WORKS COSTS FOR ONE YEAR. 


É 5 3 Fa 
© € O о . “as 
E $ Og | &y oe S39. * x5 
ш E he es | АЁ = | 3922| рва 
a & м^ 83 v pe С E = © Ф 
Ф 9 58 oar 5% wa >See Bo = 
а z 3 E 58 ace fa | вор" Eg 
E P | Оа | Е ЫЕ 
6 < s ad 
—————— ъ= I Ó—— ae ee LT анача ети: i 
1909. Kw.-hours.|| Tons. | s. d. £. £ Per Cent. 
No battery... | 25,818,992 | 40,681 | 10 11 — 0:368 — — 
1910. 
With battery | 29,042,985 | 39418 | Ir о 164 0°305 7,620 7,784 70:6 


NOTE.—Calorific value varies between 13,500 and 14,000 B.Th.U.'s per lb. 


ACTUAL RESULTS WITH DICKINSON-STREET BATTERY. 


In the table the actual saving on works costs for one complete 
year’s working is given, showing the saving actually made. Nothing 
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has been said about battery maintenance so far ; but it should be noted 
here that the makers have signed a contract to maintain the battery at 
its rated capacity for a term of fifteen years for the sum of £1,250 per 
annum, which is 8'3 per cent per annum on the purchase price. This 
maintenance is included in the works costs. 

In Fig. 9 the works costs for the Manchester city stations (Dickin- 
son-street and Bloom-street) are given for ten years. The improvement 
shown for the last year is entirely due to the installation of the battery. 


SUMMARY. 
Capital Cost. 
Saving in favour of battery : First cost, £29,433 ; annual charges, 
$1,056. 


Annual Running Cost. 
Saving in favour of battery :— 


As per first year’s working under £ 
favourable conditions aes e. 7,620 

Total annual saving in favour of 
battery ive 5 5s .. 8,676 


The estimated saving from calculated | 
standby value was per annum  ... 1,554 
From difference in cost of generation 
between fuel cost and cost at 8 per 
cent load factor ... m ... 4,267 


(Does not include saving due to buffering) £5,821 


The estimated saving from load- 
factor improvement was ... ... £10,166 


and it must be admitted that the two different ways of estimating the 
saving check very well with the actual results. 


LOAD-FACTOR CURVE. 


A load-factor curve showing fuel values can be constructed for any 
works providing the stand-by fuel charges are ascertained for a repre- 
sentative boiler, and the fuel consumption per kilowatt-hour at тоо per 
cent load factor is known for a representative unit. 

The formula used by the author is as follows :— 


с 
yz-4 k, 
Y 


where— 
x = lb. of coal per unit, 
c = stand-by fuel per kilowatt capacity, 
k = running fuel per kilowatt capacity, 
i y = load factor. 
VoL. 50. 26 
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1. Coal. 

2. Machinery & Switchboards. 
з. Wages & Salaries. 

0-65 4. Sundries. 

5. Oil. 


: 6. Water. 
0-60 7. Buildings. 


045 
0-40 


0:35 : -55 


0-25 25 


0:20 0:20 


O'I оло 


0:0 


о 
Year. 1901 1902 1903, 1904 1905 1906 1907 1908 1909 1910 
Cost. per 0705 |о:585 | 0-58 | 0-45 |озэв | ote |0307 | osas |0368] 0-505 
unit in pence. 


Fic. 9.—Dickinson-street and Bloom-street combined Works Costs. 
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Example for city stations :— 


c =0'18 1b., Ё==2'321Ь.‚ c+ k=2'5, 
y = 50 per cent. = 0'5, 


х= Ge + 2°32 = 0°36 + 2°32, 
== 2°68 lb. per kilowatt-hour. 


RECORDS AND CARE IN USE. 


In the first place, a recording ammeter and a recording voltmeter 
are essential in order to see that overcharging or overdischarging does 
not take place ; the former is shown by the voltage line at the end of 
charge, and the latter can be ascertained by comparing the discharge 
rates shown on the ammeter chart with the corresponding final volts 
shown on the voltmeter record. Overcharging is, of course, a matter 
of definition, and depends on the state of the cells. Charging is con- 
tinued under normal conditions at Dickinson-street 10 minutes after gas- 
sing point is reached, before both daily discharges, and for 2 hours once 
each week, generally on Saturday, and preceding the day (Sunday) 
when a complete discharge at the 10-hour rating is usually taken out 
of the battery. 

It is the custom to construct daily load curves at Dickinson-street 
like those shown in Figs. 5,6, and 8, except that colours are used to 
indicate the various areas. These charts have a very important moral 
effect, and are daily placed in a frame on the battery switchboard for 
inspection and for future guidance. 

The efficiency of the battery for the day is worked out thus :— 


Units output 
Units input, including booster units 


which we term the “commercial efficiency.” 

The improvement in load factor on the steam plant is noted, also the 
ampere-hours of the peak-load discharge. These figures are put on the 
load curve, and it is easy to see at a glance if the battery is not being 
used to the best advantage. These load curves are considered the most 
important records taken, because the value of a battery depends more 
on the way it is used than on anything else. 

A special battery-book is kept, giving details of cell defects and 
their treatment (for which a 1,000-ampere portable “ milking” booster 
is used), daily gassing, weekly overcharge, and all specific gravities 
and voltages of individual cells once each week after the weekly over- 
charge. Three pilot cells are used to serve as a guide to the state of 
charge, and the specific gravities of these cells are taken every half- 
hour for the station log sheet, which is the general record of the 
working of the station usually found in use at most central stations. 

The capacity of the battery varies at various rates of discharge, and 
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without these pilot-cell readings it would be exceedingly difficult at 
times to gauge the exact state of the battery. 


GENERAL CONCLUSIONS. 


Advantages and Disadvantages—When considering the value of 
storage batteries in connection with central station supply, it has been 
the general custom in the past to compare the cost per kilowatt of 
capacity with that of steam plant and generator, to the advantage 
of the latter. It was argued that steam plant and generator cost less, 
and could be run continuously if required, whereas a battery (if the 
I-hour rating was used for comparison) was not to be relied on for 
longer periods than one hour. It was, and is still, held that the life of 
a battery would be less than half that of generating plant, that mainten- 
ance is exceedingly heavy, operation difficult, and still—speaking 
generally—a prolific source of worry and trouble. 

Batteries were installed, when central stations were first built, large 
enough to maintain the supply during the night, and at the week-ends, 
without the assistance of running plant. They were found a great 
convenience ; but generators would be added as the demand on the 
station grew, and the battery would fall out of use, except for balancing 
purposes, until, through neglect and ill-usage, it would become of no 
value to the scheme. In no case would the battery be used except as 
a luxury, and it was generally expected to require no attention until it 
got into a very bad state. 

Electric traction did something to raise the reputation of storage 
batteries, owing to the marked saving in plant required for a rapidly 
fluctuating load, and the resultant economies of this buffering effect. 

A properly proportioned battery is supposed to give 1 per cent to 
2 per cent better ampere-hour efficiency when used on traction as 
described, and as against the efficiency of a battery used to deal with 
lighting peaks, due to the greater buffering effect on traction loads. 

It is now being recognized that, provided the battery is installed 
to reduce generating plant, it is a sound commercial proposition when 
considered in connection with a large lighting load. 

Popular Error about Effictency.—Too much has been made in the 
past of the supposed inefficiency of batteries; as a matter of fact 
. 70 per cent to 75 per cent commercial efficiency can be maintained 
with care; and if this were not so, efficiency is the least important 
attribute of peak-load plant, and especially so in the case of a battery. 
Peak-load units are costly to generate, and allowance is made for this 
in fixing charges for lighting. Power or daylight units are much lower 
in price because the cost of generation is much less—so in effect the 
battery is charged at power costs, and discharged at lighting rates. If 
some of our large consumers on public supply mains only realized this, 
they would install batteries of their own, buy current at power rates, 
and cheapen their own lighting supplies by arranging with the supply 
authorities for a "restricted-hour " supply, т.с. they would take no 
current from the mains at peak-load time. 
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Batteries hitherto have usually only been installed by consumers for 
the sake of making supplies reliable and independent of accidents 
outside their own premises. 

Importance of Size and Application.—It does not matter how short a 
period of time during the day, or the year for that matter, a supply is 
demanded, there must be plant installed to meet it, and it has been 
found that for all duty of less than 8 per cent daily load factor, i.e. of 
less than two hours' demand during the 24 hours of the day, the matter 
is in no doubt. It most certainly pays to make storage battery 
provision for this.’ Beyond this point we must look to advantages 
other than direct saving in capital cost and running charges to justify 
the extension of the principle. 

It is often said, “What about the overload capacity of the steam 
plant ; is not this sufficient to deal with the peak the battery isintended 
for?" Оп occasion, yes; but if reliability of supply is to be assured, 
the occasion must be that brought about by the failure of the battery, 
a possible but unlikely occasion if proper care is taken. 

Booster regulating plant can go wrong, and batteries are protected 
normally by circuit-breakers which may open through defect. It is 
generally possible, however, in the event of serious trouble to parallel 
the battery without the boosters in circuit ; and under such circum- 
stances the battery would prevent total failure of supply under the 
worst conditions. From other causes of failure a battery is practically 
free. 

It is very important that the battery should be of large enough 
capacity, not only for normal discharges, but for any short, heavy loads 
it may be called upon to give out. On the other hand, if the battery 
is larger than would be necessary to deal with load of the proportions 
indicated, the direct saving it is possible to show is correspondingly 
decreased. 

In conclusion, the author tenders his best thanks to Mr. S. L. 
Pearce, the City Electrical Engineer of Manchester, for facilities 
allowed and permission given for the inclusion in this paper of data 
from official reports, and for the publication of facts and figures con- 
cerning the Manchester Corporation electricity works ; also to Mr. 
E. A. Hilton for assistance in getting out the diagrams. The author 
would also like to make it quite plain that the opinions expressed in the 
paper are his own personal opinions. 


DISCUSSION. 


Mr. J. S. HiGHFIELD: I propose only to deal with the case of 
batteries for very large supplies of power and light, and not with the 
use of batteries in smaller stations. I will not criticize figures, because 
the conditions vary so much in different undertakings with different 


conditions as to plant, load, distance from the power station, etc. In: 


my opinion the first use of a battery is the great security provided by 
utilizing large batteries near the source of the supply, particularly in 
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connection with a high-tension transmission system where the supply 
is given to the consumers in the form of continuous current for power, 
light, and traction. It is becoming increasingly important to keep the 
supply absolutely secure so that it is never cut off; the battery gives us 
an advantage in that respect which no other plant can equal. From 
that point of view I think the battery is of the greatest importance. 
Its next use is to carry some part of the peak load. If enables 
the power station to be run at a greater efficiency ; it not only saves 
plant at the power station in such a system as I am speaking of, but it 
also relieves the trunk mains and the sub-station machinery. All those 
elements should be taken into account in considering whether a battery 
should be used ; that is to say, it is necessary to set against the cost of 
the battery the cost of the plant in the power station, the cost of the 
trunk mains, and the cost of the sub-station plant. In my opinion a 
saving can be shown in favour of the use of batteries of considerable 
size on nearly every system. It must be remembered, however, that 
the advantage of the battery from the point of view of taking the peak 
load is antagonistic to its advantage from the point of view of security ; 
because if the batteries are discharged over the peak load, if an accident 
happens at that time the battery instead of being fully charged is 
wholly or partly run down. Consequently a compromise must be 
made, and the battery can be used only partly for each purpose. The 
method of control is a matter of the greatest importance, and will 
permit of prolonged discussion ; but for the purposes to which I refer— 
the use of a battery in connection with a lighting and general power 
load—I think the best solution is to employ a hand-controlled booster 
for charging and discharging, with a short-circuiting switch, so that in 
case of a very bad accident where the battery has to be discharged at 
the highest possible rate, the short-circuiting switch can be rapidly 
closed either by hand or automatically in order to save the booster 
from destruction. A great deal of skill is required to make a satisfactory 
battery booster, that is to say, a machine that will give good results at 
what may be called normal load, and will also permit of the greatest 
possible excess load being carried in an emergency. I have machines 
now of which the normal maximum load is about 1,200 amperes, but 
which have carried as much as 4,000 amperes without harm. Of course 
the load is only on for a few minutes—suffieient time to start up other 
plant—but for those few minutes the boosters carry that very large 
excess current. I quite confirm what the author says about the effici- 
ency of a battery. I have had no difficulty at all with four large bat- 
teries in obtaining efficiencies of between 70 and 75 per cent. I hope 
we shall hear from the manufacturers of batteries something about the 
improvements they have made in recent years. Iam quite sure there 
is plenty of scope for further improvement in both the life of the plates 
and the cost of manufacture. Some advance has been made in pro- 
viding a larger output with less lead, which of course is in the direction 
of reducing the cost. Also I am anxious to have a better system of 
maintenance, and a better method of charging for maintenance. The 
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present method always handicaps those engineers who look after their 
batteries best. If the cost of maintenance is averaged out it follows 
that the careful user of a battery is bound to pay part of the mainten- 
ance charges of the less careful user. I wish battery makers would 
elaborate some satisfactory system so that the payment for maintenance 
is proportional to the actual cost. 

Mr. E. C. McKINNON : I feel that the paper is liable to cause undue 
optimism, as it should not be assumed that the results obtained at 
Manchester during the period March, тото, to March, 1911, can readily 
be repeated in any station in this country. But the results are so good 
that they leave a large margin to warrant the more general installation 
of large batteries in stations still without them. As Mr. J. A. Robertson, 
of Greenock, once stated, the possession of a battery gives a feeling of 
security which cannot be expressed in / s. d. ; and Mr. Whysall also 
points out that efficiency is the least important attribute of peak-load 
plant. Iam sorry to notice that although the battery will have been in 
use three years in March next, and although the paper is based on 
results obtained over two complete years working, only the first 
years results have been given. It is mentioned that the commercial 
efficiency of the battery during the second year was 7r'1 per cent, 
and that coal has increased to 12s. 5d. per ton; later results would 
therefore be of interest and value. It is possible by heavily overworking 
a new battery, and stinting the charge, to obtain for a year or two much 
too high a commercial efficiency, with the result that the life of the 
plates in the battery is impaired. I do not wish to suggest that batteries 
have a poor efficiency, but because it has been possible to obtain 71 to 
75 per cent efficiency at Manchester that figure should not necessarily 
be the standard laid down for all stations. It depends so much on the 
local conditions. The life of a set of plates is proportional to the 
number of charges and discharges, and cannot be expressed in terms 
of years. Cost of maintenance should properly be based on the extent 
to which the battery is used in a given period, as adopted in the United 
States of America, otherwise maintenance becomes a speculation. The 
author mentions that the Manchester battery is the largest ever con- 
structed. He should have said the largest in this country, as numerous 
batteries far larger than that at Manchester were already in use at that 
time in the United States ; in fact, we are a decade behind Americans 
in this country in the use of large batteries, and it is interesting to note 
that they employ batteries almost entirely as stand-by plant instead of 
for daily peak discharges. The Electric Storage Battery Company, of 
Philadelphia, have contracts with some of the largest American supply 
companies to maintain their stand-by batteries for 1o years, during 
which period the battery may be discharged 150-200 times, but it may 
not be discharged more than 40 times in any one year. In explanation 
of this limitation, which may appear very small to British engineers, it 
should be noted that most of the batteries are now of the '* Exide” type, 
of which both positive and negative plates are of the Faure or pasted 
type. By the use of this type of plates the capacity obtainable from 
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Mr. a battery of the ordinary Planté type can be more than trebled for the 
McKinnon. : 
same floor-space and weight. 
One of the batteries in New York city consists of 152 cells, each 
containing 133 plates, and has the following capacity :— 


11,000 amperes for 1 hour. 
22,000 i 20 minutes. 
44,000 - brief periods in emergency service. 


The voltage is maintained by means of cell switches, two on cach side 
of the three-wire system. The carrying capacity of each of these switches 
is 5,000 amperes continuously, with a maximum of 20,000 amperes, at 
which load they can be safely operated. Such switches have been built 
to carry 10,000 amperes continuously, with a maximum of 40,000 
amperes. Asan example of the use to which the batteries are put, the 
following is a quotation from a letter written by the New York Edison 
Company :— 

“On March 2, 1911, at 3.46 p.m., New York city was visited by an 
unusual storm appearing very suddenly, and as suddenly disappearing, 
with a very short interim of unusual darkness. Our system load at the 
time was approximately 75,000 kw., and within less than ten minutes it 
increased to 125,000 kw., an addition of 50,000 kw. to the load, added 
at the rate of 5,000 kw. per minute. The rate of increase was so rapid 
that it was impossible to connect additional engines with sufficient 
rapidity, and the storage batteries were called upon to meet thc 
emergency to the extent of furnishing 17,000 kw. Notwithstanding 
the unusual circumstances, the pressure all over the system ,was 
maintained at substantially normal value. Twenty-five batteries were 
discharged." 


The author refers to busbars of aluminium. I should like to hear 
if there has been any trouble with these in the battery room. It is 
stated that the increased use of large batteries in central stations is 
chiefly due to the reduction in the first cost and the cost of upkeep, and 
to improved reliabilitv ; I consider, however, a very important reason 
is that central station engineers have realized nowadays that it pays to 
look after a battery. I understand that the switchboard attendants at 
Dickinson-street station are taught that every minute of unnecessary 
charging represents a loss to the Corporation of so much cash. I sug- 
gest that a recording hydrometer should form part of the recording 
equipment. This is used with many large batteries in America, and 
with some in this country, and is found most useful. It would save the 
half-hourly procession between the switchboard gallery and the battery 
room, and it would also avoid errors of reading. The author's recom- 
mendation to large consumers to install batteries and obtain power 
rates for charging would be warmly welcomed by the battery makers, 
but it would probably not have theapproval of central-station engineers 
unless extensions to existing peak-load plant were under consideration. 
If such plant were already installed the engineers would probably want 
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to find work for it. With regard to what is said on page 397 about the M 


size of the battery, this again is a matter for consideration from all 
points. A small battery, i.e. one just large enough to deal with the load, 
would be cheap on first cost, but its commercial efficiency and dura- 
bility would be lower, and the cost of maintenance higher, than for a 
battery with a reasonable margin. With regard to weight, one tender 
for the Manchester battery was lower than that accepted, although the 
cheaper battery was 40 per cent heavier. This was considered an 
objection by the city architect ; but I contend that the heavier a battery 
is, the more durable it is likely to be, that maintenance costs will be lower, 
and that during a fifteen-year maintenance period there will be far less 
disturbance of normal working conditions brought about by repairs to 
the battery. 

| Mr. A. M. TAYLOR : On pages здо and 391 the author illustrates the 
saving of coal obtained with a battery. This is a very important point, 
and I am exceedingly pleased to find that the author's figures practically 
bear out all the contentions which I have put forward in theory and 
which are now proved in practice. With regard to keeping plant 
ready as a stand-by during the summer months, it is apparent from 
Fig. 8 on page 390 that the storm cloud which came on at about 
2 o'clock in the afternoon did so with great rapidity. The load at that 
time was about 5,000 kw., and it rushed up so that within half an hour 
it had reached 8,500 kw., an addition of 3,500 kw. in half an hour. The 
author's contention in the paper is that the battery is useful to the 
extent of 3,000 kw. in saving stand-by boilers which otherwise would 
have had to be kept ready throughout the summer ; and he calculates 
that the coal saved is of the order of £4 4s. per day. To these boilers 
used for stand-by purposes the author adds—and on this point those 
who have looked into 9he paper may be disposed to challenge him— 
the 3,000 kw. of the peak that the batteries have yet in hand ; and he 
says the battery must be credited not only with the saving due to the 
3,000 kw. required as shown on the curve, but also with the saving of coal 
for the other 3,000 kw. of boiler plant which would have been required for 
the peak. I am not quite certain about that, but I think he is right, 
although it is rather a debateable point. In any case we should only 
reduce the £924 оп the seventh line of page 391 by £460. With regard to 
the remainder of the year, the seven winter months, the author deals with 
the saving on the peak-load units. He gives a figure of 1,560,000 
peak-load units, and claims a saving represented by the difference 
between what it costs to run peak-load plant during that short time and 
what it costs to charge the battery at the o'25d. rate during the night. 
The result he obtains is about 1°3d. per unit, or a total of £8,534. But 
there seems to be a slip here, as the number of units given multiplied 
by 1°3d. only amounts to half £8,500. In any case the saving may be 
summarized as follows: In coal alone there is £(1,554-460) = £1,094, 
and £8,550, i.e. something over £9,000 saved. Capitalized at 5 per cent 
this saving of £49,000 per year means that (neglecting maintenance 
charges), £180,000 might be invested in batteries instead of £22,000, 
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without incurring any positive loss if the above coal figures are correct. 
Even taking the author’s figures, it is obvious that the saving is 
not only sufficient to pay for the whole of the battery maintenance 
and capital charges, but it will also be sufficient to allow of a second 
battery being installed ; and the saving in the coal bill due to the 
second battery might even justify the installation of a third battery. 
The author has thus made out from the coal bill alone a very good case 
for a battery irrespective of the saving on capital cost of the generating 
plant, the saving in labour (which for 22 men would represent £1,500 
per annum), and the increased efficiency of generation all round. 

The battery is also of inestimable value for emergency stand-by 
purposes. For example, in the case of a large supply system like that 
of Birmingham, with rotary converters and sub-stations, and where the 
continuous-current supply at those sub-stations is linked back to the 
main station through interconnecting feeders, if anything happens to 
the alternating-current supply then for the moment there is a tremen- 
dous rush of continuous current from the continuous-current plant in 
the main station to all the sub-stations. I have known generating- 
plant run on several hundred per cent overload under those conditions. 
A battery would save the situation in such cases. The battery we are 
proposing to use in Birmingham will be capable of giving 17,500 
amperes for three minutes, and the value of that as a stand-by will 
be very great. The capital cost of that battery as a stand-by at a 
3-minute rating is of the order of £2 105. per kilowatt. No steam 
plant, or steam plant on overload, can show anything like that value. 
The floor-space occupied for that overload capacity is of the order of 
goth of a square yard per kilowatt. That again is immensely in favour 
of the battery as a stand-by. I think some opinions that have been 
recently expressed by various engineers, that the battery is of no use 
because of the large extension of alternating-current plant, are rather 
beside the point. A battery is exceedingly valuable in a station that 
combines alternating-current distribution with continuous-current 
supply. And not only that : it must be borne in mind that if there is 
all this saving with a battery it will pay to adopt rotary converters 
capable of transforming in the reverse direction ; that is to say, use the 
converters to take a large discharge current from the battery and feed 
into the alternating current mains, providing in that way an alternating- 
current stand-by. It only adds a matter of £2 or £3 per kilowatt on to 
the £7 per kilowatt ; and if all these other savings are being made 
surely that additional amount will very easily be balanced by the said 
savings. In Birmingham we have three double-ended boosters with a 
motor in the middle, and we are grouping them in series or in parallel 
on either side of the three-wire system as required, using a solid connec- 
tion at the neutral point. Since that arrangement was adopted I have 
discovered how to obtain with practically the same switchgear double 
the amount of current from the same boosters, thereby largely reducing 
the kilowatt rating of the boosters as compared with the early 
methods of employing the boosters as single units. With regard to the 
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switches mentioned by Mr. Hutt, when we were obtaining tenders 
for the new plant at Birmingham we had an offer from Messrs. Siemens- 
Schukert, but they seemed very averse to dealing with the heavy currents 
we required while the switch was travelling over the contacts. Eventu- 
ally we had to be content with a switch that would only carry about 
6,000 amperes instead of the 17,000 amperes we required. 

Communicated: I consider it by no means necessary to pay the 
ridiculous figures for sinking fund called for by the Local Government 
Board. The battery can be paid for out of surplus profits, thereby 
avoiding the sinking fund charges. Probably something can also be 
saved by not arranging a maintenance contract. 

Mr. E. S. JacoB: There are one or two figures in the paper with 
which I do not agree, and which are unfair to the battery so far as 
capital charges are concerned. The author gives the capital charges 
for the battery based on a period of то years, and the capital charges 
for the steam plant based on 20 years. After the lapse of то years the 
capital charges on the battery will be nil, and the saving, instead of 
being about £1,000, will be £3,698, although probably the engineer to- 
day does not like to look" forward to what is going to happen ro years 


later. Expressed in another way, if the capital outlay of the battery. 


were written off in 20 years, the saving per annum instead of being 
£1,000 would be something like £2,000; that I think would be a fairer 
basis of comparison. When steam plant is scrapped it has practically 
no value, or very little value, whereas a battery will always have as 
scrap metal a value of about 20 to 25 per cent of its original cost ; that 
again improves the comparison. It should not be necessary, therefore, 
to write down the capital value of the battery to nil; it would be 
sufficient to write it down to 20 or 25 per cent of its original value. 
With regard to a point raised by Mr. Highfield, that battery makers 
ought to take into account the fact that certain people treat their 
batteries well and that they should thereby profit in the cost of mainte- 
nance, I may say that all users state that they treat their batteries well, 
so that the result of taking these statements into account would be that 
everybody would get an equally low rate. It is impossible to dis- 
tinguish between the users, any more than it is possible for a life 
insurance company to distinguish between those people who are careful 
with their health and those who are not. 

Mr. W. FENNELL : In the first place I should like to put the point 
that a $5oo-kw. battery in а r,500-kw. station is really as large as a 
5,000-kw. battery in a 15,000-kw. station. Referring to loan periods for 
batteries, any good accumulator company will make a maintenance 
contract guaranteeing to leave the battery at its full capacity at the end 
of ro years. On the other hand, the Local Government Board tell you 
that the loan is fixed at 7 years on the ground that there will be 
no battery left at the end of that period. There is something wrong 
with one practice or the other ; I think the Local Government Board is 
wrong, and that the 7-year figure is out of date. I consider it of the 
greatest importance that influence should now be brought to bear 
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Mr. Fennell. on the Local Government Board to extend the period for battery 


Mr. 
McMahon. 


leans. Many a battery scheme has been killed by the necessity of 
writing off the whole outlay in 7 years I have had a fair 
experience with boosters. I have used two kinds of automatic 
boosters, also a hand-regulated charge and discharge booster com- 
bined with a battery switch for light loads, and finally the Conti- 
nental type of automatic battery switch, motor-driven through worm 
gearing. It seems extraordinary to me that while on the Continent 
theselarge switches are almost universally used, and boosters are hardly 
employed at all, vet in this country we seem to confine our attention 
to boosters. The reason the Continental type of battery switch was 
installed at Wednesbury is that two years ago we had our station shut 
down due to the failure of the booster, that is to say, the principal thing 
on which we were relying for safety itself caused an absolute shut-down. 
There was no time to put in the short-circuiting switch, which has been 
referred to both in the paper and by Mr. Highfield. One of the generat- 
ing sets failed suddenly, the reverse-current switch did not operate, and 
the overload on the battery caused the booster and its motor to burn out 
and to arc to earth. I think it is a pity to limit the overload capacity of 
the battery to the overload capacity of a machine. With regard to the 
security given by a battery, there is another point which interests 
engineers to-day, and which has not been referred to, namely, in con- 
nection with gas or Diesel plants. I myself am interested in gas plant, 
and I am not giving away any secret when I say that both the above 
types of plant are liable to sudden failure. It is extremely rapid ; and 
without a battery there is not the same sense of security, tosay the least 
of it, that there is with one. The usual practice, where reliability is of 
importance and there is no battery, is to keep an extra set floating on the 
busbars. This destrovs the economy of working which is expected 
from these engines, so that the use of a battery is even more important 
with gas plant than with steam engines. Recently, owing to an unfor- 
tunate delay in the delivery of plant, we have been running at times of 
peak load with the whole of the gas engines at full load, and in addition 
with the battery discharging at the 2-hour rate. On one or two 
occasions a set has cut itself off the busbars during the peak load, 
but the consumers have not known it. The automatic battery switch 
has enabled the battery to take up the load as it came off the generator, 
and to carry it while the engine could be adjusted to take load again. 
Мг. P. V. McMaAHON : I should like to show a lantern slide in support 
of the author's contention that it is worth while installing batteries. 
The top curve on the slide (see Fig. A) shows the working of a battery 
at the “ Angel" sub-station on the City and South London Railway in con- 
nection with the supply of traction, lighting, and lifts. The bottom line 
on this curve gives the average supply of the machines in the sub- 
station, and the battery load is shown by the peaks, sothat in this case 
the battery takes about 5o per cent of the total output of the sub-station 
motor-generators. The bottom curve shows the results obtained from 
a slightly smaller battery in the London-bridge sub-station, in which 
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load output of the battery is about 47 per cent of the total output 


the motor-generator plant is of about the same size, 
of the sub-station motor-generators. 
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equipment of these sub-stations was fully described in my paper* 
on the City and South London Railway in December, 1903, but it may 


the equipment of the two sub-stations to which Fig. A refers, it 
will be sufficient if the “ Angel” sub-station only is dealt with. The 


be as well to state that the output of the reducing motor-generators 


* Fournal of the Institution of Electrical Engineers, vol. 33, p. 100, 1904. 
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is 600 kw. at normal rating, the battery having a capacity of 420 kw. on 
the r-hour rating. The “Angel” sub-station is five miles from the 
power house. The peaks taken by the battery are 5o per cent of 
the motor-generator output, and the constantly recurring peaks amount 
to 33:3 per cent of the load on the machines. Taking the units delivered 
by the motor-generators and battery respectively during the test period, 
the battery deals with 25 per cent of the total machine load. In con- 
sidering the value of the battery in reducing the capacity of the motor- 
generators, the constantly recurring peaks may fairly be regarded as the 
battery capacity. Thus without a battery the capacity of the motor- 
generators and cables would have to be increased by 33:3 per cent and 
the generating plant at the power house by an equal amount, plus the 
increased loss in the feeders. The battery boosters, switchgear, and 
motor-generators at the “Angel” sub-station cost £14,423, and the 
cables between the power house and the sub-station £10,300, making a 
total of £24,723. If the capacity of the motor-generators, cables, etc., 
as outlined above, is increased by 33°3 per cent, the sub-station for the 
same duty would cost £27,427, a difference of £2,704 in favour of the 
battery sub-station. The above prices relate to costs ruling about 
I3 years ago; but taking present-day prices somewhat on the lines 
of the author's figures, the sub-station, with battery, etc., would cost 
£17,260, and without a battery £21,727, a difference of £4,467 in 
favour of the battery sub-station. 

The author only allows ro years as the life of the battery, but 
the battery of the City and South London Railway Company has been 
kept up to its capacity by the makers under a maintenance contract, 
and it is now well into the second 10 years’ maintenance period. At 
the end of this period, or when the battery is 20 years old, the company 
will still have a battery with its full capacity. Under those conditions 
it appears that the life of the battery should be taken equal to that 
of the steam plant, if not longer. In the following calculations 20 
years is taken as the life of steam plant and battery, and allowing 
71 per cent for interest and sinking fund the battery sub-station shows 
a saving of £200 per annum, from which must be deducted the annual 
payment on account of maintenance, leaving a net balance of £35. In 
a similar manner, with modern prices for plant, the battery sub-station 
shows a saving of £322 per annum, and allowing for battery mainten- 
ance the net annual saving is £157. This does not really show the 
battery to the best advantage, as during the test the battery was only 
loaded to about 75 per cent of its full capacity. So far nothing has 
been allowed for the battery as a stand-by ; and this value, although 
great, is difficult to estimate. With these batteries we are able to shut 
down all our generating plant at the close of traffic, all lighting, 
motors, etc., being supplied during the night from the batteries. In the 
case of a temporary disablement of a motor-generator the battery 
carries the supply over the difficulty, and on a recent occasion when 
the failure of a motor-generator armature affected all four machines in 
a sub-station, necessitating their being shut down, the battery took up 
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the whole load of the sub-station for three-quarters of an hour without 
the service being in any way affected. | 

Mr. Косев T. Ѕмітн ; The author in his paper shows the effect 
of a battery on a lighting load when the battery has a steady charge 
for a period which is reckoned in hours, and a steady discharge also 
for a period which is reckoned in hours. It may be interesting to give 
a few figures for the case of two batteries working in two sub-stations, 
the combined capacity of which only amounts to about half the output 
of the Manchester battery. These batteries work in parallel on a very 
infrequent traction load, where in general there is a rapid charge 
during a period which is reckoned in minutes, and a very rapid dis- 
charge during a period which also is reckoned in minutes. About 
once a week there is a long period of charge and a long period of 
discharge. In the accompanying table some figures are given, corre- 
sponding to the Manchester figures at the foot of Figs. 5, 6, and 8, for 
the Great Western Railway generating station at Park Royal for 
16th January, 1913. This station supplies through sub-stations current 
for traction power and lighting. Figures both with and without 
batteries are compared in the table (see p. 408). The supply is three- 
phase high-tension to two sub-stations, each with a battery and automatic 
Highfield booster in parallel with the low-tension, continuous-current 
side of the auto-converters, and the figures given represent maximum 
load conditions just before six o'clock in the evening. 

The figures have been built up from the values of the maximum loads 
observed on individual items of plant. Without the batteries the actual 
resultant load on the generating station cannot of course be checked 
by measurement, because the station never runs without batteries, 
When the station is working under normal conditions with batteries the 
calculated results agree with the actual results within 2 per cent, so 
that I think the calculations may be accepted. The results for 
16th January show that the maximum load on the generating station 
with batteries was 2,720 kw., and without batteries 3,870 kw. The 
station load with the batteries was actually taken by 3 steam sets. 
Without batteries 5 sets would have been required. The daily load 
factor on the steam plant with the batteries, corresponding to the 
figures given by the author, was 58 per cent, and the daily load factor 
without batteries was 41 per cent, showing an improvement in load 
factor of 17 per cent. These figures correspond to those given by 


Mr. 
McMahon. 


Mr. Smith. 


the author, viz. 131 per cent for the summer load and 1477 per cent for . 


the winter load. Of course the percentage gain in the load factor due 
to a battery depends on the percentage of the total output which goes 
through the batteries. That figure has not been given by the author, 
and I have not calculated it from his diagrams. I suggest, however, 
that the most economical proportion of the total output to pass through 
the batteries is between 15 and 20 per cent ; and I should like to ask 
the author if he has any figures of that sort for his battery at Manchester. 
In Manchester the traction load is small compared with the lighting 
load, In the above table that I have given for the Great Western 
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Railway plant the lighting load slowly increases from about 200 kw. to 
a maximum of 550 kw., whilst the traction load varies rapidly from 
300 kw. to 3,000 kw. The principal advantages of batteries in this 


Particulars of maximum loads on the steam plant in the Park Royal 
generating station of the Great Western Railway for a typical day 
(16th S'anuary, 1913), both with and without batteries. 


kilowatt-hours generated x 100 
maximum load in kilowatts x 24 


Load factor = 


-———— ——— -— 2 S ш 


With | Without 
Batteries. | Batteries. 
| 
| 
| 


А Kw. 
Maximum traction load on 2 sub-stations together | 2,891 2,891 | 
Maximum traction load taken by 2 batteries 1120.) — 
, Maximum traction load taken by motor-con- | | 
verters on Es " ves e| 1,771 | 2,891 | 
| Boosters 60 | — ! 
| Maximum load on sub-station motor-converters | 1,831 | 2,891 | 
Motor-converter losses at 10 per cent 203 | 321 


; Maximum load at high-tension sub-stations for 


| 

| 
| traction eee T 2,034 3,212 | 
| 


High-tension transmission losses І 5 per cent 31 . 49 
Maximum high-tension load on generating station | : 
, for traction .. . | 2,065 | 3,261 
, Maximum high- -tension load on generating station 
| . for lighting... 2. .| 530 530 | 
‚ Maximum high- -tension load on generating station | 
for station purposes з m 80 | 80 | 
' Total maximum high: -tension load on generating | 
' station sie a sis 2,075. 3,871 
| Actual observed maximum load ... 2,720. — 
Number of Benes ators required for 16th January, | 
I9I3 . sk ie % | 5 
| Kilowatt-hours generated . is 37,244 
. Maximum load on steam plant with batteries ... 2,675 kw. 
| Maximum load on steam plant without batteries 3,871 ,, 
' Load factor on steam plant with batteries iss 58 per cent 
' Load factor on steam plant without batteries ... 4 .5 
| Improvement in load factor exe Р sie 17 per cent 


| 
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particular case, where the traction load predominates, appear to be, 
first, that batteries permit of a monthly machine load factor of 85 per 
cent—by machine load factor I mean the ratio of the actual output 
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to the output at rated load for the time during which the machines are Mr. Smitb, 
all actually at work, and at periods of heaviest load, that is between 
5 and 7 o'clock in the evening, we have obtained for the last few days a 
machine load factor of 95 per cent, and that with a traction load varying 
from 300 to 3,000 kw. in a very few moments. In the second place, 
batteries allow the traction load and the lighting load to be in parallel 
with each other on the high-tension busbars, and although the traction 
load varies 1,000 per cent in a very short time there is no difficulty, 
thanks to the batteries and boosters, in keeping within a plus or minus 
4 per cent variation in voltage on the lighting busbars. For the last 
6 years we have been doing exactly what Mr. Taylor proposed to do ; 
that is, the battery is looked upon as a stand-by for the high-tension 
alternating side. In case of failure of the high-tension supply the 
auto-converter automatically reverses, takes energy from the battery, 
and generates high-tension three-phase alternating current. The third 
advantage is that without batteries 66 per cent more steam plant would 
be needed to take the peak loads, and if the whole steam plant was 
run at the average load necessary without the batteries it would result 
in an increased steam consumption of 134 per cent. The advantages 
of a battery on a traction load are not quite the same as for a lighting 
load, but both are equally important. 

Mr. C. P. Sparks: So far as a general supply is concerned the Mr. Sparks. 
position of the battery should be generally in the sub-station rather 
than in the generating station. In the case of Manchester this large 
battery has been placed in one of the power stations for special reasons. 
I do not wish to criticize those reasons, but I think we may be misled if we 
take it generally that a battery should be installed in the generating station 
because of the excellent results that have been obtained at Manchester. 
With regard to the future, this battery is giving economical results 
to-day, but the demand in Manchester is growing, and will continue to 
grow at a rapid rate. Ten years hence a 3,000-kw. battery will bea 
small affair compared with a 3,000-kw. battery to-day, and I very much 
doubt whether it will be useful or economical when we look tothe future : 
that is always the great dificulty with regard to battery plant erected in 
generating stations. A battery is put in to-day of adequate size, butin a 
short time it becomes toosmallanditis difficult to obtain any economy by 
usingit. The last point I wish to refer to is the interesting curve shown by 
Mr. McMahon. If he had told us more about it I think members would 
have appreciated the value of the battery in one of the City and South 
London Railway Company's sub-stations. I have to supply energy to 
that sub-station, and I know that, with peak loads on the sub-station 
rising to a maximum of goo-1,000 kw., the average supply taken is about 
400 kw., the demand during the working hours not varying more than 
40 kw. The load is so steady that it is difficult to believe that an 
irregular train serviceis being supplied. The battery acts as a complete 
buffer, and the load factor on the generating plant is of the order of 9o 
to 95 per cent during the day shift. 


Mr. A. Нотт : I should like to say something in favour of the cell- Mr. Hutt. 
VoL. 50. 
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regulating switch to which the author has alluded very slightly. He 
has mentioned its advantages, namely its reliability, its freedom from 
breakdown, and its very large overload capacity, while his only criticism 
seems to be that for large currents these switches are rather cumber- 
some. I do not think this criticism is quite justified. These switches 
have practically never been manufactured or used in this country in 
large sizes, but they have been used very considerably on the Con- 
tinent. For instance, one firm, Messrs. Siemens-Schukert, have 
made as many as 77 switches for r,000 amperes and above during 
four years, so that quite a specialized type of switchgear has resulted. 
I propose to show a couple of slides to illustrate the construction 
of these switches. The first slide shows a double-arm switch for 
4,500 amperes installed for the Hamburg municipality, whilst the 
second one shows a switch of slightly smaller capacity arranged for 
vertical mounting. Both switches are motor-operated and can be con- 
trolled from a distance, but a hand-wheel is provided for use in 
emergencies. It should be noted that by means of an auxiliary switch 
or *spark diverter," the main travelling brushes only carry current 
when resting on a contact, and are thus protected from sparking and 
abrasion. For this reason the contact surfaces wear very well and can 
be run at a high current density (about 500 amperes per square inch). 
This tends to reduce the size of the switch ; nevertheless the brushes 
can carry about twice the normal current for quite long periods up to an 
hour, and four times the normal current for one or two minutes in cases of 
emergency. Another point that might be mentioned is a very common 
arrangement whereby the number of leads from the regulating cells to the 
switch can be reduced by about one-half. The cells are connected up 
in groups twice as large as those required for actual regulation purposes, 
and a small auxiliary group of half the size is automatically cut in and 
out by means of the spark diverter, so that the required number of 
steps is obtained. One of the chief features of large batteries such as 
that described by the author appears to be their great reliability in 
case of breakdown of other plant, when their large overload capacity 
can be made use of to the fullest extent. In this case the cell switch, 
in which very little can get out of order and which can be relied upon 
when machines fail, has a wide sphere of usefulness. 

Mr. H. E. YERBURY (communicated) : Mr. Pearce is to be con- 
gratulated on his boldness in installing the largest battery in 
England and on the satisfactory results obtained. One wonders why 
the Americans are so ahead of us in large battery work ; possibly it is 
due to the majority of our supply systems being alternating-current 
ones. It appears to me that the space occupied by such a large 
battery and control gear seriously militates against its use in many 
undertakings. Its service as a load leveller and stand-by is un- 
doubtedly admirable, as clearly shown by the figures and charts. I 
am interested to hear that this battery is now confined to the lighting 
load, although its adoption and use were originally intended for 
traction purposes. Ignoring for the moment the importance and 
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advantages of a stand-by and reserve for lighting, especially during 
a storm load, I think that modern generating plant can well cope with 
any extraordinary traction load, and that, speaking generally, it would 
not pay to install such a battery for tramway supply only, as the 
boiler stand-by losses are not so great as they would be for a combined 
supply undertaking. The load chart (Fig. B) shows the abnormal fluc- 
tuations of load when about тоо extra cars are in service on one route for 
football traffic; it will be observed, however, that the peak is within 
the 2-hour rating shown in the hatched portion of the author's 
Fig. 3, and can readily be dealt with without heavily overloading the 
generating plant. Assuming the maximum demand of the tramways 
was coincident with the peak load for lighting, then the batteries 
would undoubtedly prove very valuable and economical for actual 
service, apart from the reserve or stand-by security. I should like to 
ask the author if the short loan period of 7 years is a standard period 
for battery loans, or whether it may be looked upon as a “ test” period. 
As the makers of the battery agree to maintain it for 15 years for the 
sum of £1,250 per annum, will the author kindly state the estimated 
life of the positive and negative plates, and whether the battery 
will be entirely renewed by the makers within that period of main- 
tenance. 

Мг. W. W. LackKIE (communicated): It is generally agreed that if 
batteries could be obtained with a reasonable efficiency, and at a price 
comparable with that of steam plant, the supply of energy for electric 
lighting would reccive a tremendous impetus. This does not apply of 
course to electrical energy for power purposes where the energy is 
generated and used fairly equally over the whole year and for more 
than то hours per day. I have had some difficulty in following all the 
author's conclusions, and further explanation appears to me to be 
required with regard to some of the diagrams. On page 383 it is stated 
that the chief duty of the Dickinson-street battery is to carry 3,000 kw. 
of the lighting peak, and in the very next line that the chief duty of the 
battery is load levelling. "With the former statement I absolutely dis- 
agree, whereas with the latter I quite agree. Again, on page 382, a load 
curve is given of the lighting demand without the battery over 24 hours 
with steam plant. This gives a load factor of 32 per cent. On page 383 
a corresponding load curve is given with a battery, and this shows a 
load factor of 43:5 per cent, but only over 16} hours. I assume that 
the battery is called upon to meet the load for the other 74 hours. A 
load factor with the steam plant of 32 per cent over 24 hours is better 
than a load factor of 434 per cent over 163 hours; and perhaps this is 
a complete answer to any proposal to install a battery to reduce the 
amount of plant required in a station. The other diagrams on pages 383 
and 384 are far from clear. What I most object to in advocates of 
storage batteries for meeting peak loads and sudden demands is that 
they assume a central-station engineer knows beforehand what form 
the load curve for any particular day is to take. If one looks at the 
load curve shown in Fig. 5, the battery appears to be discharged from 
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8 a.m. until 12.30 midday ; it is then charged from 12.30 until 2 p.m. 
One cannot foretell on a given day that fog or darkness will not 
descend over a city area at noon when the battery is practically 
exhausted and useless to meet a peak load. It is no good to say that 
this is a rare occurrence. If such a fog occurs once in three years, it 
condemns the scheme. In Glasgow we have had a fog for three days 
on end and a peak load from Io a.m. until 5 p.m., or, say, 7 hours. 
Last September we*had a sudden descent of darkness at midday on 
the day of the opening of the Smoke Abatement Exhibition in 
Glasgow ; this darkness lasted until the hour of natural darkness at 
6 p.m. The load rose in one station from 7,000 to 16,000 kw., and in 
another from 3,000 to 6,000 kw., or from 10,000 to 22,000 kw. in all. 
Of what use would a 3,000-kw. battery be in those circumstances? 
Over 15 years ago, when the electricity supply system in Glasgow was 
much smaller than it is to-day, two battery stations of 400 kw. capacity 
were erected. The total demand at that time was 1,700 kw. The 
batteries were charged from 11 p.m. till 6 a.m., and they failed hope- 
lessly to meet the demand of a moderately foggy day. 

On page 391 Mr. Whysall states that 22 fewer men are required at 
Dickinson-street station since the installation of the battery. There is 
surely some mistake here. What were these men engaged at before 
the battery was installed. On the same page it is claimed that by the 
use of the battery there is a saving of the difference between the coal 
consumed of 0'237d. and 1:554. per unit, 1:55d. being taken as the coal 
cost at the 8 per cent load factor. Is not the reasoning defective? Is 
the saving in coal not the difference between the coal consumed at the 
32 per cent load factor and the coal consumed at the 49 per cent load 
factor.as indicated in Figs. 3 and 6. About 14 million units have been 
discharged from this battery ; but as a matter of fact one quarter of 
these units would be required to meet peak loads, and therefore it 
cannot seriously be claimed that the battery has been installed to meet 
peak loads. A battery is an excellent thing, but it should be used as 
an equalizer of load, although it may on a rare occasion come in as 
a stand-by. The size of the battery that is to be installed will depend 
upon what one is prepared to pay for the insurance it offers. To 
install a battery to meet the maximum-demand load, as is said to be 
the practice in America, simply means that the supply cannot be 
continued at the rates per unit now obtaining. I have said before that 
everything possible should be done to encourage the large consumers 
to install storage batteries and operate them themselves. This would 
relieve the operator at the generating station from giving such a 
battery any attention in the case of emergency, when the time spent 
operating a battery might be much better utilized in getting the plant 
back into commission. I would suggest that instead of any eloborate 
booster or regulating cell arrangement, the battery might be installed 
on a 500-volt circuit so as to maintain a pressure of something like 
400 volts in the case of a breakdown. The coal consumption does not 
-depend upon the yearly load factor, but upon the daily load factor, and 
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Mr. Whysall has shown that a daily load factor of 32 per cent is 
obtained on a lighting load. 

Mr. F. H. ConsoN (communicated) : The paper is a record of actual 
achievement, and for this reason is to my mind much more convincing 
than the more or less speculative cases which have been recently made 
out for the inclusion of a storage battery in central-station equipment. 
The actual cash economy of some £7,8oo on fuel in spite of an 
increased output of some 3 million units is an* argument of much 
greater cogency than are the calculations which may be made of 
economies to be obtained in hypothetical cases. "There is, however, 
one point, doubtless easy of explanation, which is not clear to those 
unfamiliar with the arrangement of the Manchester stations, and upon 
which more information would seem desirable. From the fact that, in 
Fig. 8, the load on the steam plant is 7,100 kw. and that the battery is 
discharging on lighting simultaneously with a load of 5,000 kw. on the 
motor-converter, it would seem to follow that the latter is drawing its 
supply from a source outside the station, and is thus dependent upon 
the steam-driven machinery of other stations. If this assumption 
is correct, it is scarcely just to attribute the improvement of 22 per 
cent in the plant load factor to the agency of the battery, the load 
factor of the Dickinson-street station being improved apparently 
at the expense of that of the other stations. The same remark would 
also apply in less degree to the improvement of 15 per cent shown in 
Fig. 6. From Fig. 8 it would seem. that the Dickinson-street plant 
load factor might easily benefit to a much greater extent by the use of 
the motor-converter than by that of the battery, and some assurance 
that this influence has not been operative in enabling the economies 
shown in the table on page 392 to be realized, would be of value. 

Mr. C. F. McINNES (communicated) : I should like to refer to the 
small storage battery, as this is after all of the same importance to the 
small station as the large battery is to the large station. I believe if 
we realized to a greater extent the possibilities of storage batteries it 
would be no longer necessary for the author to refer to their use 
as a luxury. Perhaps my recent experience may be interesting. 
Some four years ago I had to carry out an extension to supply a 
neighbouring district, the demand being principally lighting and 
beyond the limits of economical continuous-current distribution. 
After considering the relative merits of alternating-current supply, a 
Diesel sub-station, and a storage battery sub-station, the last-mentioned 
was ultimately adopted. The extension could not be carried out very 
cheaply, as it involved the purchase of a site on a main road with 
buildings to correspond. The total cost of the scheme, including site, 
buildings, a 225-kw. storage battery (one-hour rating), boosters, switch- 
gear, etc., amounted to 43,450 and involved interest and sinking fund 
charges of £235 per year. The working costs, i.e. labour, repairs, 
battery maintenance, rates and taxes, insurances, etc. amounted to 
6195, making with the capital charges a total of £430 per annum. The 
battery is charged at any convenient time during the day, and is dis- 
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charged on the peak of the load, the practice being to load to its 
full capacity the generating plant running, and to supply the remainder 
of the peak from the battery, instead of starting up an additional set 
and keeping an extra boiler ready for this service. The result of this 
method of working was a reduction in fuel from 6'4 to 5'16 lb. per unit, 
representing in money £470 per annum, or £40 more than the total 
annual cost of the sub-station; these figures are obtained without 
taking any credit for the capital charges on the extra feeder which 
would have become necessary but for the use of the sub-station. After 
3 years' use the overall efficiency of the sub-station is 73 per cent, 
quite as high, I venture to suggest, as would be obtained from an 
alternating-current supply considering the nature of the load. 
Mr. R. RANKIN (communicated) : On page 391 the reduction of staff 

at Dickinson-street station is given as 22. Mr. Whysall does not say 
what percentage of the total this is, but it must be considerable. 
I estimate that such a reduction in salaries pays for the sundries, oil, 
water, and buildings, which is surely a good argument in favour of the 
battery, and put in a way easily understood. I wish particularly to 
deal with the question of maintenance, and in this connection Man- 
chester appears to be a regular paradise for a battery. There are few 
stations where a picforial representation of the advantages of the 
battery is framed daily for the benefit of the staff. The author says the 
value of a battery depends more upon the way in which it is used than 
upon anything else. I agree—it depends almost absolutely on it ; and I 
should say that the careful and discriminating methods of using and 
caring for the battery at Manchester are worthy of the imitation of any 
engineer who has a battery under his charge. Mr. Highfield spoke of 
probable improvements in batteries by makers. It is not unlikely that 
such may be made in the near future, but why not also in the ways of 
working them by station engineers? It should be recognized that the 
sooner engineers realize the importance of keeping their batteries in a 
healthy condition, the sooner will maintenance premiums be reduced. 
I wonder if the heavy overloads mentioned by Mr. Highfield were 
within the limits stipulated in the maintenance agreement! A battery 
need not be, as is mentioned on page 396,a prolific source of trouble, if 
it is properly used. I know that the temptation to treat a battery 
roughly and unfairly is very great because of its passive and uncom- 
plaining nature. If a machine is ill-treated it lets one know about it 
speedily, and often in no uncertain fashion, but with a battery it is only 

after severe damage has been done that trouble becomes obvious, and 

then all the blame is usually laid on the battery itself, not on the 

method of working. I am afraid that in many instances batteries are 

still expected to supply all sorts of night and week-end loads, not only 

Without the needed assistance of generating plant, but also without the 

help of an adequate charge to begin with. 

Mr. McKinnon has dealt with some points regarding maintenance, 
but, without going to the expense of the new apparatus he mentions, it 
would be possible for those in charge of battery installations to reduce 
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the worry, improve the efficiency, and obtain more satisfaction, if it 
were realized that batteries, like machines, have their little idiosyn- 
crasies and require a little humouring. Extra attention paid to the 
taking of the ordinary readings and the keeping of records will repay 
itself many times over. In this connection it is sometimes a little 
confusing, not to say amusing, to find chief engineers writing and 
complaining of individual cells in a battery, while the attendant sends 
in maintenance reports showing the cells to be in a most wonderful 
State of equality and good condition. This is the sort of thing that 
causes trouble ; trouble, it may be said, that could be easily avoided. 
The author has brought out clearly in Fig. 8 the reliability and 
flexibility in operation of the battery plant. Unlike ordinary generat- 
ing plant, a properly-cared-for battery is not liable to develop sudden 
and unsuspected faults leading to failure of supply at the time when it 
is ‘most needed. Such a thing with a battery is a very remote possi- 
bility. The sense of security engendered by this is, as has already 
been mentioned in the discussion, very valuable. The loads mentioned 
by Mr. McMahon and Mr. Roger Smith are quite different from the 
loads illustrated in the paper, and in those cases the provision of an 
automatic reversible booster is the correct thing, in fact an absolute 
necessity if anything like the best use is to be made of the battery. It 
is peculiar that although makers of cell-regulating switches must know 
this, they never mention it. One hesitates to think of what would 
happen on Mr. McMahon's railway system should his boosters be 
replaced by automatic switches. The conditions obtaining in the 
cases of railway loads and lighting loads are so different that it is 
difficult to compare them. As I pointed out in a paper read last 
session," a coal saving of practically 30 per cent can sometimes 
be made on a highly fluctuating load by the use of a battery and 
automatic reversible booster. With regard to efficiency, the figures 
given for Manchester are certainly high. "This is doubtless due partly 
to zealous attention to a new plant, and partly to the fact that 
efficiency is always higher in a large plant than in a small one. It 
is to be hoped that engineers will not all expect to get such high 
figures ; they most likely will only meet with disappointment. 


DISCUSSION BEFORE THE MANCHESTER LOCAL SECTION ON. 28TH 
JANUARY, 1913. 


Mr. S. J. Watson: It is worth considering where these large 
batteries should be placed. Should they be put down in the generating 
station, or should they be put down elsewhere in connection with the 
distribution system ? In this connection we must not lose sight of the 
fact that multi-phase transmission schemes are being very largely 
adopted, so that the use of batteries in the main generating station 
would necessitate some sort of rotary converting plant. Where multi- 
phase transmission schemes have been in use for some years the bulk 


* Sournal of the Institution of Electrical Engineers, vol. 48, p. 283, 1912. 
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of the distribution is carried out by means of continuous current from M 


sub-stations, and a higher overall efficiency of the battery will be 
obtained, that is to say, the number of units supplied by the battery 
divided by the multi-phase units generated will be higher if the 
battery is placed in the sub-station than if it were placed at the 
generating station. The battery discussed to-night has been put into 
what might be termed a joint sub-station and continuous-current 
generating station, and it is used to level up the load on the generating 
plant and as a stand-by for emergencies. In considering the cost of a 
battery, there are several matters which have to be taken into con- 
sideration. The author has pointed out that steam plant has a capacity 
which will enable it to supply for 24 hours per day, whereas the battery 
has only a limited-time capacity. In this connection I think it is 
perhaps worth while considering how a battery shouid be rated. 
There are, of course, several ways— 1-hour, 2-hour, 3-hour, and even 
10-hour rating—but I think that the fairest is to adopt the 2-hour rating, 
because the primary usc of a battery is to maintain the supply over the 
peak loads. If a 1-hour capacity only is taken, the battery will not last 
through the peaks, because the ordinary peak in the winter months 
lasts about 14 hours, i.e. between 4 p.m. and 5.30 p.m. ; but if a 2-hour 
capacity is adopted, that will be sufficient for any peak that is likely to 
occur, and therefore in making a comparison between steam plant and 
a battery it is fairer to take this rating. The battery in Manchester 
has been installed at a cost of about £107 per kilowatt on this basis 
of a 2-hour rating. The author mentions Mr. Snell's figures, which are 
given as £12°26 per kilowatt for plant, but I think that a large power 
station could be built to-day at a cost of {ro per kilowatt. Therefore, 
on the score of cost, the generating plant and the battery are almost 
identical. With the battery there are no stand-by losses, but if the 
whole supply is to be given from generating plant a very large amount 
of coal has to be used in keeping boilers and steam plant ready for 
immediate service ; it is in this direction that a battery enables a large 
saving to be made. 

There are one or two observations in the paper which I cannot 
altogether make out. For instance, in dealing with the question of 
stand-by, the author speaks as though the boilers were not actually 
under steam, but might be got up from cold, should occasion arise. I 
do not want to misunderstand what is meant, but of course it makes 
a lot of difference whether the boilers аге under steam. ‘here are no 
stand-by losses if the boilers can be heated up on a dark day in time to 
deal with the peak. The question of using boosters or regulating 
cells is one which is always discussed in connection with battery 
papers, and there is a lot to be said on both sides. The use of a 
regulating switch is more simple, and of course it enables any sudden 
emergency to be dealt with which requires heavy discharges. As the 
author says, only one or two boosters may be running when the emer- 
gency arises, and it would then be impossible to carry the heavy load. 
In other ways also the use of regulating switches is better. For 
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instance, suppose a very severe fault occurs on a machine, this machine 
will have to be instantly switched off the busbars, and if the battery is 
floating on the busbars without boosters in circuit there would be a 
serious drop in pressure due to the heavy discharge, since there is no 
time to switch the boosters in, whereas with regulating cells the pressure 
could easily be regulated. Where a large battery is provided, it 
should always be kept on the busbars, so that in a sudden emer- 
gency the full capacity may be relied on. 

The design of switchgear for large batteries requires great con- 
sideration, and it is interesting to note that in Manchester the circuit- 
breakers have been placed in special cubicles, so that in the event of a 
circuit-breaker failing it is completely isolated in a fireproof receptacle. 
The question of cables is also of importance, since their size and cost 
are exceedingly high. It is very advisable to have the battery leads as 
short as can possibly be arranged. The author states that the 
amount of work done by the battery is gauged by means of three 
pilot cells. During a heavy discharge it will apparently be necessary 
to keep a man with a hydrometer at the cells in order to know 
what is happening. This seems to me a rather crude method of 
dealing with this very important matter. The usual practice is 
to provide a registering ampere-hour meter having a large dial equal 
to the range from zero to full discharge. On discharge the hands 
move forward, and backwards during charge; by automatically com- 
pensating for the loss when charging, the exact capacity of the battery 
can thus be seen at any time. This method would be much more 
convenient and definite than the information obtained by continually 
taking the specific gravities of pilot cells. It has been pointed out that 
the efficiency of batteries is somewhat higher when used with reversible 
boosters on tramway supply. There is no doubt that this is actually 
the case, and it is due to what is called the “ gassing” effect, as the 
average pressure is raised owing to the rapid changes from charge to 
discharge ; the efficiency is thus improved. I think most of those 
who started using batteries of fairly large size did so for traction 
purposes only, but we subsequently found that it is a much better 
proposition to use a battery on lighting ; the general practice is now to 
provide change-over switches to allow of the battery being used either 
for traction or lighting. 

As regards the size of the battery for a given scheme, I incline to 
the view that a battery at its 2-hour rating should have the capacity 
of the largest unit in the station. Batteries of very small size were 
used in the past, and as time went on they were not increased in size 
although the plant was increased, consequently the batteries became 
of little use. The efficiency of a battery really matters very little 
indeed, because the percentage of load which is supplied from a battery 
is only a percentage of the total, so that if a large percentage of that 
percentage is lost it does not affect the total to any very large extent, 
and is therefore almost negligible. On page 387, Mr. Whysall compares 
the capital cost of generating plant situated at Stuart-street station with 
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a battery which is being used at Dickinson-street station, and adds 
the cost of cables and sub-station to the generating plant. This may 
be fair in this particular case, but had the comparison been made 
between the cost of a battery and generating plant installed at the city 
station, it is clear that the cost of the cables and sub-station would 
not be included. The comparison is not really for the same thing. 
Finally, the author makes no mention of what I consider one of the 
greatest advantages of installing batteries, namely, the moral stability 
which it gives. The knowledge that this large capacity is behind one 
undoubtedly lifts a good deal of responsibility from one’s shoulders. 

Alderman W. WALKER: There is one point that I should like Mr. 
Whysall to make clear. I notice in the load curve, Fig. 6, and in other 
curves, that part of the input units were supplied from the sub-station, 
that is to say, the motors of the motor-generators were operated by the 
alternating current from Stuart-street station, whilst the continuous 
current from the generators was going into the battery ; therefore such 
units were coming not from Dickinson-street but from Stuart-street. I 
should like to know whether an adjustment has been made in the 
author’s calculations, and also what effect it has on the load factor 
given. There is another point; he has given the loan period as 20 
years for the steam plant. Lately this term has been reduced, and 17 
years now seems to be the loan period for a large turbo-generator set. 
Therefore, the difference between 20 and 17 years is to the further 
credit of the battery. The loan period for boilers is also being 
curtailed. I tbink that the question raised by Mr. Watson regard- 
ing stand-by boilers is answered by Mr. Whysall in his paper. 
The author states that he leaves the boilers out of commission, and as 
the load comes on he is able to use the battery whilst the boilers are 
got up absolutely from the cold ; he has therefore a right to take credit 
for the saving. As regards the objection to the cost of the Stuart-street 
plant ; for financial reasons this was the only comparison the department 
could take. I shouldlike to ask Mr. Whysall whether when testing the 
pilot cells he simply takes the specific gravity at the top of the cell, or 
whether means are provided to obtain itat the bottom of the cellalso. I 
have found that “ gassing” is not sufficient to keep the density the 
same at the bottom as at the top of the cell. The author is quite justi- 
fied in believing that consumers could take advantage of lower rates 
for charging their own batteries during restricted hours to cheapen 
their lighting supplies. I think that before very long there will be an 
opportunity of considering a particular case of this description not very 
far from here. 

Mr. Е. О. Harrison: Taking into consideration that the makers 
give a maintenance period of from ro to 15 years, thc Local Govern- 
ment Board might reasonably increase the time allowed for the repay- 
ment of battery loans to the length of the maintenance period. If this 
had been done in the case of Manchester the figures given would have 
been even more favourable, and would give a much fairer basis of com- 
parison with the steam plant. 
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Mr. P. P. WHEELWRIGHT : The only point with which I cannot 
agree is the author's figure for the cost of generating plant, which 
is very much too high. In view of the prices of modern turbo units, 
the capital cost given in the paper should be taken at a much lower 
figure, in fact I think if reduced by 30 per cent it would be more 
accurate ; this reduction would make considerable difference to the 
financial side of the case. Going over the advantages I think there is 
one point which might have been mentioned, namely, that in “rushing 
up" boiler plant a considerable amount of smoke is bound to be 
emitted; this is very liable to cause trouble, especially in stations 
like that at Dickinson-street situated in the centre of a city, whereas 
with batteries the load can be temporarily dealt with until the boilers 
are fully under steam. The modern battery is built on sound and 
much improved lines, and after considerable experience of three old- 
type batteries I am pleased to say that the fourth is now doing good 
work. With previous batteries the trouble was that they had always 
to be nursed until the time they were required, and then the battery 
would invariably fall short of the demand put upon it. When I installed 
my present battery the makers told me “to work it as hard as possible 
and not to nurse it, and the battery would work well" I have done 
this, and for the past four years the maintenance of the battery has 
been low, and the battery has carried out satisfactorily all the hardest 
loads put upon it. | 

Mr. S. L. PEARCE: I want to deal with the question of the saving 
obtained from the battery. There has undoubtedly been a saving 
in the amount of coal consumed. The figure is just over £3,348. 
There is, in addition, a saving of £1,056 on capital account as between 
the steam scheme and the battery scheme. This gives a total saving of 
£4,404. It might be suggested that from this figure the capital cost 
incidental to the battery itself ought to have been deducted ; if that is 
done there is still a saving of £2,000. That is bringing it down to the 
irreducible minimum. If that had been the only saving, however, it 
would still have justified the scheme in my opinion. Reference has 
been made to the fact that the losses incurred in the battery and 
the booster are more than covered by the coal saving. These 
figures I gave in the discussion in London on Mr. Taylor's paper 
about two years ago. The total units lost under the above headings are 
approximately 700,000, and the coal saving covers these losses more 
than four times over. There has also been some discussion on the 
capital estimates, and I quite agree that with present-day knowledge 
the figures for Stuart-street steam plant are possibly on the high side. 
These estimates were drawn up at the end of 1907 or the beginning of 
1908, but in comparison with the figures given in Mr. Snell’s book pub- 
lished last year, they are, I think, fairly reasonable. Taking the battery 
on a 2-hour rating, and reducing the estimates on the steam plant, one 
may say that there is practically no saving on capital, one scheme cost- 
ing the same as the other. 

I think that the design of the switchgear gave rise to more anxiety 
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than anything else in connection with the battery. I remember paying Mr. Pearce. 
a visit to some of the larger battery stationson the Continent ; whilst I 
was impressed by the lay-out of the battery stations I did not see much 
to admire in the design of the switchgear, and I came to the conclusion 
that very special treatment was necessary. I discussed the question 
with Mr. Field, and it was decided that we should treat this battery 
switchgear as if it were a high-tension board ; we therefore adopted, as 
the author has pointed out in his paper, the cubicle construction, and 
the isolation of all leads where possible. Then came the question of 
circuit-breakers controlling the battery. One point I should like to 
mention, i.e. there should always be a separate means of isolating the 
battery other than by the circuit-breakers placed at the back of the 
battery board. I think a second set of circuit-breakers should be 
placed as near the battery terminals as possible. We have a system 
of circuit-breakers at Manchester which are fitted in the battery room 
alongside the battery, with remote control from two points in the 
engine room. A great deal may be said about the loan periods. The 
Local Government Board seem to be drawing the strings tighter and 
tighter. We have only had seven years for this storage battery, and as 
Alderman Walker pointed out, they are not only cutting down the 
period for batteries, but also for generating plant. To-day we only get 
I5 years for generating plant, and 15 years for sub-station plant, and the 
term for boilers has also been reduced from 17 to 15 years. "There is 
one error in the paper in the treatment of the sinking fund. In con- 
nection with the battery scheme interest on capital is taken at 3} per 
cent and sinking fund at 83 per cent on an equated basis for the several 
loans incidental to the complete scheme. This of course is not quite 
correct, but I quite agree that the author could not have expressed it 
in any other way. It simply means that the saving in the first seven. 
years is less; and after the expiration of that loan period for the 
battery the saving is proportionately greater. However much attention 
may be given to the design of a battery scheme of this magnitude, the 
success of the scheme will after all very largely depend on those who 
have to operate the battery. In this connection the records which have 
been devised and kept by Mr. Whysall and his staff have been of 
inestimable value, and the success of this battery has undoubtedly been 
due ina very great measure to the care bestowed upon it by the author. 
Mr. C. L. E. STEWART : Mr. Wheelwright has said that he got very Mr. Stewart. 
much better results when making considerable use of his battery. I 
have had exactly the same experience. We have a small battery which 
has a very busy time and which is doing remarkably well under it. It 
is used on traction load, and the efficiency is very good. It is charging 
and discharging up to its full 1-hour rating every two or three minutes, 
and it is in very good condition after being in use for four years. We 
find that the easiest way of judging overdischarge is for the switch- 
board attendant to watch the recording voltmeter chart. I am refer- 
ring more particularly to when the battery is on traction. At first 
sight the care taken of his records by Mr. Whysall looks very elaborate, 
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but I think the elaboration is morc apparent than real. When we bear 
in mind the amount of money spent on the battery, I do not think that 
the records kept are too elaborate ; and they are well worth keeping. 
I do not like very long loan periods. If a profit is made it is taken in 
most cases to help the rates. If it can be managed, therefore, it is 
better to pay off the loans as early as possible so as to able to sell 
current at a lower rate than when the undertaking is burdened with 
capital charges. In view of the proportion that capital charges bear to 
the sale price of current, one wants to be finished with loans as quickly 
as possible ; and as far as circumstances will permit itis best to pay out 
of profits, for plant on which the Local Government Board only allow a 
very short repayment period. To me it looks ridiculous to contribute, 
say, £5,000 to the rates and simultaneously to apply for sanction toa loan 
of £20,000. 

Мг. A. A. KoPPEL : Before making up our minds that the battery is 
the correct thing for peak loads and stand-by, I think the oil engine 
should be taken into consideration and the efficiency of both compared. 
I have looked through some figures Mr. Sowter gave in the Fournal last 
year,* and I find that for a 400-kw. size the oil engine costs £13°3 per 
kilowatt, which compares favourably with steam plant, leaving larger 
units out of consideration. Again, in a paper read before the North- 
ampton Institute Engineering Society on зга November, 1911, by 
Messrs. Houston and Parnel, figures are given for a load factor of 
I4 per cent. The Diesel plant gave 053d. per unit. According to the 
load curve in Mr. Whysall's paper, page 385, 14 per cent load factor 
shows o'8d. per unit with a battery. 

Mr. W. Cramp: At the top of page 393 it is mentioned that the 
makers have signed a contract to maintain the battery at its rated 
capacity for 15 years. In dealing with batteries I have found that 
makers have objected to maintaining a battery at its rated capacity 
throughout the maintenance period, but that they will guarantee 85 to 
go per cent of its rated capacity at the end of the maintenance period. 
Mr. Whysall's statement points to the fact that the Manchester battery 
is either capable of an output which is larger than its normal rating so 
that it can be maintained at that rating, or that this make of battery has 
an advantage over other makes, In regard to the saving obtained, the 
load-factor improvement was estimated to save £10,166, whereas the 
estimated saving from stand-by value and in cost of generation is given 
as £5,821. Is the difference between these two figures due to the 
“ buffering ” effect alone? If so, this is a far more important saving 
than is usually considered possible from this cause, and central station 
engineers would do well to note its magnitude. 

Mr. E. Tuomas: I have just completed the renewal of a battery 
which has been in regular service for 15 years in an electric light 
station. There are probably few generating station batteries with so 
long a life, and during the whole of it the battery has been maintained 
at a substantial percentage of its initial capacity, and has taken all the 

* Fournal of the Institution of Electrical Engineers, vol. 49, p. 611, 1912. 
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night load and a considerable part of the day lighting load. Ithasalso Mr. Thomas. 
taken the peak load in the heavy season and has acted as a load 
equalizer all through. Altogether it has saved its cost probably several 
times over. It would even now be in satisfactory use but for serious 
neglect during the last few months of 1912. Its capacity is now very 
low, and the utility of the battery has been impressed on us by the 
great increase in the station costs during the last few months. I had 
particularly hoped for some estimates, based on experience, of the 
working expenses with batteries of different sizes, as some guide to the 
best size to install. The use of a battery in small generating stations: 
and for country house lighting has been long acknowledged. Itarouses 
rather cynical reflections on the conservatism of electrical engineers 
that it should be necessary in 1913 to bring forward this paper to show 
that batteries also give economies in large generating stations. The 
use in the large station with much day load is obviously different. In 
Manchester the battery might be made large enough to enable the 
steam plant to be shut down for, say, 7 or 8 hours and to work two 
shifts only. But it is doubtful if there would be any steam economy, 
although the load would then be almost dead level during the whole of 
the running time, and a larger proportion of the peak would be taken. 
If three shifts have to be worked, then there is actual loss in discharg- 
ing the battery for the night load, and the battery is normally only of 
use to diminish the total number of boilers and engines in commission 
by taking the peak, and to get the full value out of engines and men 
working by equalizing the load. I am convinced that the main advan- 
tage is in the reduction of plant installed and in commission. Its 
further uses in abnormal conditions as a stand-by are sufficiently 
obvious. I do not accept with confidence the figures given either for 
the actual or the estimated saving. The records show remarkable 
savings from year to year without the battery. How, therefore, can we 
feel sure that the difference between 1909 and 1910 was all due to it? 
Indeed, it is acknowledged that some corrections were made. Further, 
with the great interest aroused in the power station by the use of 
battery and the attention that would be paid to everything affecting the 
costs, there would be improvements all round, which were not directly 
due to the battery itself. Hence it is not surprising to find that Mr. 
Pearce interprets the actual figures differently from Mr. Whysall, and 
considers the saving due to the battery less than that shown. Again in 
the estimated saving, to calculate merely by difference in load factor, 
using curves (Fig. 7) which had been collected in earlier years under 
quite different conditions, is surely not safe. Since, however, it is neces- 
sary to estimate, it would give me more confidence if Mr. Whysall, 
with his intimate experience of the detail working of the station, both 
with and without battery, would take, say, a dozen representative 
load curves, one for each month, and lay out his programme for 
working the year through as to boilers, engines, men, and hours of 
running of each. Past records and tests would enable him. to 
calculate the coal required, also the wages, and make all other 
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allowances. . This having been done for the station without the 
battery, and then for the same loads with batteries of several 
different sizes, would give results of immense interest and use to 
other engineers who want to plan battery extensions for themselves. 
Mr. Whysall’s short-cut method of estimating from load curves alone 
is surely not safe, and I cannot believe that the station cost of the peak 
load is 1°55d. The decision as to the size of battery to be installed 
seems to have been quite arbitrary. There is no magic in 8 per 
cent or in the peak load on a 2-hour basis. The decision was 
probably based, as in other cases, on a keen and practical judgment, 
or on the size of the space available for the battery, or on the 
expenditure to which money or courage would run. As a guide for 
future work it would be most useful to see the effect of other sizes. 
The Americans have adopted batteries relatively and actually much 
larger. How do these different practices affect working costs? 

Mr. F. H. WHYSALL (in reply): Mr. Highfield has referred to a 
battery discharged over the peak, and then of no use as a stand-by. 
Our battery at Manchester is used chiefly for a peak-load supply, but 
we also regard it in some measure as an emergency battery. Against 
Mr. Highfield's objection I might point out that the time when the 
batterv is generally fully discharged is when the load is falling very 
rapidly. Mr. Highfield favours the hand booster, and says that a short- 
circuiting switch ought to be provided to cut out the booster in the case 
of emergency. We have such a switch at Manchester, and I think 
it is very necessary. 

Mr. McKinnon drew attention to the amazing saving given in the 
paper for the first year when the battery was used. I sympathize with 
him to a certain extent, and confess that I should not like to be obliged 
to reproduce those figures year after year. It is quite natural to 
expect better results when a battery is new and everybody is striving 
to obtain for it ideal conditions. Aluminium is only used for the switch- 
board ; not in the battery room. There were special reasons in our 
case why the question of weight had a different value. I favour 
stand-by batteries only when the supply authorities take financial 
responsibility for damages due to failure of supply. A peak-load 
battery is not a duplication of plant, but a stand-by battery admittedly 
is, and saves nothing in running expenses. Mr. McKinnon leaves me 
unconvinced regarding the size of the battery in New York. It has 
fewer cells and the plates are smaller than those of the Manchester 
battery ; moreover, it is purely an emergency battery of the pasted 
type. His suggestion that maintenance charges should be based оп. 
the number of charges and discharges in a given time is an American 
innovation and unsuited to our requirements. 

Mr. Taylor criticized some of the estimated savings. On page 393 
of the paper I give a summary of several methods, and the estimate 
that he found fault with was merely one of two that I use as a sort of 
check against the actual results, with the idea of enabling engineers to 
estimate for themselves the possibilities of any proposed scheme. I 
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have corrected the figures in the paper, and I have to thank him for ЫЕ. 
drawing attention to the inistake. Мг. Taylor has referred to the 
saving effected bv the battery apart from its own stand-by capacity. 
That is really a very important point, and I would again call attention 
to the fact that the value of the battery in the case illustrated by the 
storm-load diagram was not in any way proportional to the battery's 
capacity. The value of the battery was due to the elasticity that it 
gave to the system, enabling us to get more boilers away than we had 
at the commencement of the darkness. The chart shows that the 
battery is by no means efficient at the time of maximum demand. The 
hatched portion on the left-hand side of the diagram shows the duty 
the battery was doing on the rising load, holding the load until the 
steam plant could be got away. I calculated that on that particular 
occasion we made the battery equivalent to 44:5 per cent of stand-by 
boilers. Mr. Taylor also referred to the advantages that we derived 
from having our battery arranged for use on both traction and lighting, 
and he mentioned the consequent advantage of our booster arrange- 
ments. I am sorry to say that we do not operate in that way, and we 
have now entirely disconnected our battery from the traction system. 

Mr. Jacob called attention to the term of years. That given in the 
comparison of capital costs is an equated period of ro years. It will 
be seen on page 387 the loan periods are given for the various portions 
of the equipment—7 years, 15 years, and 20 years. In calculating the 
saving I took an equated period of 10 years, and of course what 
Mr. Jacob said is perfectly correct. The calculation is distinctly to the 
disadvantage of the battery. We have a maintenance contract for 15 
years, and the life of the battery is really much longer than the term 
taken. With regard to the Local Government Board period of 7 years, 
another speaker said that this was too short, and that in effect we should. 
have nothing to pay after that period ; that we should have a battery 
with no interest and sinking fund charges on it. The point that 
Mr. Jacob made about the scrap value of the battery was very interest- 
ing ; it had not occurred to me. 

Mr. Fennell spoke about a 500-kw. battery. The principle applies 
to any battery no matter what size, and I tried to confine the range of 
operation to 8 per cent load factor in the paper. With regard to 
boosters and regulating switches, several speakers have made com- 
parisons between the practice in this country and the practice on the 
Continent. To me it is only a question of what duty one expects to 
get from the battery. If the latter is to be an emergency battery, I 
think a regulating switch ought to be fitted ; but fora peak-load battery 
a booster combination, with short-circuiting switches for emergency 
conditions, is the correct thing. 

Mr. Sparks mentioned that a battery became too small for a par- 
ticular scheme after a few years. The proper thing to do, of course, is 
to extend the battery and keep its capacity a constant ratio to that of 
the plant installed. 

In reply to Mr. Roger Smith, we try with our battery to get 100 per 
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cent plant load factor ; that is to say, the whole time a machine is on 
load we endeavour to have it working at 100 per cent load factor. 
The number of units discharged by the Manchester battery is 5 per 
cent of the total number of units generated, calculated on one year's 
working. ; 

In reply to Mr. H. E. Yerburys communicated remarks, the esti- 
mated life of plates is for positive plates 4 to 6 years, and for nega- 
tive plates 6 to 8 years. Itis expected that the plates of the Manchester 
battery will be completely renewed twice, and perhaps three times, 
during the 15 years maintenance. I would refer Mr. Yerbury to 
Mr. A. M. Taylor's remarks regarding battery floor space. The loan 
period of 7 years is not necessarily standard, and may be altered by 
the Local Government Board if sufficient reason be found. 

Several speakers have referred to the portions of the curves repre- 
senting the duty of motor converters ; perhaps it will be well to say 
that there are three 1,800-kw. sets and two 500-kw. sets in the Dickinson- 
Street station. Previous to the installation there were two more goo-kw. 
sets. This sub-station forms the connecting link between the city 
stations and the high-tension station at Stuart-street. It is necessary 
also to state that when Stuart-street station acts as stand-by to the city 
stations the stand-by fuel cost at Stuart-street is charged to and included 
in the works cost of the city stations. Reference should also be made 
to the explanation of the load-factor diagram in the paper which deals 
witb that point. 

Mr. Lackie confuses load levelling and buffering. The chief duty of 
the battery at Manchester is to take 3,000 kw. off the lighting peak. In 
the corrected estimates of possible saving, the saving due to buffering, 
as distinct from peak-load duty, is clearly defined. This is also con- 
sidered below in my reply to Mr. Cramp. Mr. Lackie is in error 
regarding the load curve Fig. 4. The base of 16} hours is the period 
the steam plant would be in use, but the load factor is worked out on 
24 hours and is 43:5 per cent. The central station engineer does know 
very nearly what shape the load curve will be, and I think the storm 
load curve Fig. 8 is a complete answer to Mr. Lackie's criticism regard- 
ing fog or sudden darkness. The battery was certainly not sufficient in 
itself that day to supply the demand, but it held the load long enough 
to enable the staff to get up the extra boilers necessary. With regard to 
the 22 fewer men employed, there is no mistake ; the particulars are as 
follows :— 

Before the installation After Battery 


of the Battery. was installed. 
Tradesmen and labourers... Se 44 29 
Station hands ste ove bs 81 74 


Reduction 15 + 7 = 22. 


Mr. Lackie deals with the estimated saving on peak-load units and 
thinks the reasoning defective. His values for load factor are incorrect, 
as they are daily load factors, and the, curve from which the figures are, 
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taken is worked out on monthly observations. I can only repeat that I M 


pin my faith to the actual saving of £7,800 shown, and only give the 
methods of estimating the possible saving in order that others may find 
out the possibilities in their own circumstances. Mr. Lackie states that 
25 per cent of the units discharged from the battery would be required 
to meet the peak loads. The actual units discharged by the battery for 
the year mentioned were 1,673,600, of which some 780,000, or 464 per 
cent, were used to meet the peak loads. 

In reply to Mr. Rankin, the reduction in the number of staff was 
I5 per cent. 

The first question that Mr. Watson raises is whether the battery 
should be installed at the generating station or the sub-station. This 
depends entirely on the circumstances and the system. In the case of 
a large continuous-current system the advantage is in favour of installing 
a large battery at the generating station. In the case of a three-phase 
system with sub-stations, the best placeis the sub-station. If the system 
is such that continuous current is distributed from sub-stations, the 
battery is installed at the sub-station. There is then not only a saving 
on the generating plant, but on the cables and converting plant as well. 
In a case of this kind it would be best to install cables and sub-station 
plant for the immediate requirements, and to carry out battery exten- 
sions. This seems to me the best method. Mr. Watson also raises the 
question of the rating, whether it should be one hour, two hour, or three 
hour. He considers a two-hour rating should obtain, and in the case 
of Manchester thinks the battery would not be large enough for the 
duty required if the peak lasted over one hour. I disagree with Mr. 
Watson, and if he will draw a parallelogram round the peak in the 
curve on a base of two hours he will find that the area enclosed by the 
curve is exactly half that of the parallelogram. I purposely gave details 
in the paper of capital cost sothat anybody could add or take away any- 
thing which he thought necessary. I will not attempt to justify the 
figures any further than to say that I fitted them for the purpose of the 
paper to our actual conditions, and took the actual costs as far as I was 
able to ascertain them. With regard to stand-by boilers, the saving 
represents stand-by boilers in the sense that the boilers are not under 
steam. As to the difficulty anticipated by Mr. Watson in paralleling 
boosters under breakdown conditions, there is a large margin, and 
failing this, we have arrangements for use at our discretion whereby we 
can put the battery on load without boosters. It is quite possible for 
the station staff to anticipate trouble and to get the boosters out of 
circuit under many conceivable conditions. I think we can take it asa 
general rule that the cost of cables for a battery is not any greater than 
it would be for machines. Mr. Watson suggests the use of an integrat- 
ing wattmeter instead of pilot cells. We have integrating meters to 
register the input and output of the battery, and also a recording volt- 
meter and recording ammeter, as recommended by another speaker. 
We may wish to know perhaps at some critical time how much longer 
the battery can be relied upon, and there may have been such a varying 
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load on the battery that it is almost impossible to make the necessary 
mental calculation to determine this. The pilot cell reading provides 
the information at once, and the state of the battery can be calculated 
exactly from the specific gravity of the cell. The size Mr. Watson 
recommends for a battery happens to be the size of the Dickinson-street 
battery. He suggests that the two-hour rating should be the capacity 
of the largest machine, which of course only refers to the station where 
the battery is installed. As {о his comparison of capital costs, and his 
suggestion that we might have made a worse showing with the plant at 
Dickinson-street, this is a question of land values. Land costs more in 
the city area than it does outside. I think in fairness I should under 
certain circumstances question the moral stability which a battery 
gives. 

Alderman Walker asks if arrangements are made to find out the 
specific gravity at the bottom of the cell as well as the top. The 
specific gravity is taken in the usual way at the surface, and we do not 
endeavour to differentiate between that and the specific gravity at the 
bottom of the cell, which of course will be greater. 

Mr. Koppel mentions Diesel engines, gas engines, and batteries. 
Comparisons have been made at various times between these different 
schemes for peak-load duty, and I was very surprised to find that gas 
engines could not possibly compete in the matter of generation costs. 

Mr. Wheelwright says that the battery prevents the making of 
smoke. I must say, however, that the only time we have been within 
an ace of the police court due to smoke nuisance is since the installa- 
tion of the battery : I can explain it in this way. Owing to reliance on 
the battery we did not have so many stand-by boilers, and one day 
through a sudden load coming on we tried to do the load with the 
boilers in commission, consequently making more smoke than usual. 
I believe that the oftener a battery is charged and discharged the better 
it is for the battery, provided the operations are carried out with due 
care. 

Mr. Pearce criticizes the capital cost, and makes out the worst case 
he possibly can in order to show that even putting the problem at its 
lowest level we could expect £2,000 annual saving. Perhaps I am too 
optimistic in crediting all the saving shown to the battery. I must 
admit that the circumstances at Dickinson-street are peculiarly favour- 
able to a battery. We make an immense saving from the cutting off of 
all condensation losses at Dickinson-street works when we are able to 
shut down the steam plant there, and the battery has made this possible 
for certain months of the year. The points Mr. Pearce makes regard- 
ing the switchgear are very important, particularly that in regard to the 
circuit-breakers and double control. Mr. Pearce also explains that loan 
periods for generating plant are being cut down by the Local Govern. 
ment Board, and therefore this influences the figures shown in favour 
of the battery. ; 

In reply to Mr. Cramp, the difference between £10,166 and £5,821 
does represent the saving possible due to buffering. In reply to his 
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other question, the makers do guarantee to maintain 100 per cent ur 
capacity. 

Mr. Thomas asks if 8 per cent load factor is the only figure that can 
be given when using a battery. In the paper the load-factor chart and 
the figures given in connection therewith are intended to supply all the 
information that Mr. Thomas asks for. Referring to the saving in 1909 
over 1908, Mr. Thomas asks if there would have been any saving if the 
battery had not been installed. In the year 1909 we were undergoing 
a good deal of reorganization, and were allowing men to leave without 
replacing them, and experiments were being made to produce the 
battery conditions, and of course we got the benefit of these. Other- 
wise, if it had not been for anticipating the battery scheme there would 
not have been any difference between 1909 and 1908. 

Conclusions to be drawn from the discussion seem to be: That a 
battery with a one-hour rating equal to the largest generating set will 
effect all possible saving due to buffering. That a purely emergency 
battery effects no saving in running expenses. And finally that a 
peak-load battery effects a considerable saving in capital charges and 
running expenses, and has in addition the advantages of a buffering 
batterv and an emergency battery to a large degree. 
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ANNUAL DINNER, 1913. 


The annual dinner of the Institution was held in the Grand Hall of 
the Hotel Cecil on Thursday, 6th February, 1913. The President, Mr. 
W. Duddell, F.R.S., presided at a gathering numbering about 380 
persons. Among those present were : The Right Hon. H. L. Samuel, 
P.C., M.P. (Postmaster-General), Lord Justice H. B. Buckley, P.C. 
(Lord of Appeal) The Hon. Sir C. A. Parsons, K.C.B., F.R.S., Sir 
Andrew Noble, Bart., K.C.B., F.R.S., General Sir R. Harrison, G.C.B., 
Lt.-Colonel Sir Matthew Nathan, G.C.M.G. (Chairman of the Board of 
Inland Revenue), Sir John Wolfe Barry, K.C.B., F.R.S. (Governor of 
the Imperial College of Science and Technology), Sir H. F. Donaldson, 
K.C.B. (Superintendent of Woolwich Arsenal), Sir A. Geikie, K.C.B., 
D.C.L., F.R.S. (President of the Royal Society), Sir R. Hunter, K.C.B. 
(Solicitor to the General Post Office), Sir A. Whitelegge, K.C.B. (Chief 
Inspector of Factories, Home Office), Sir John Bradford, K.C.M.G., F.R.S. 
(Secretary to the Royal Society), Sir Frederick Bridge, C.V.O., Sir. J. 
Mackenzie Davidson, M.B. (President of the Róntgen Society), Sir John 
Gavey, C.B. (Past President), Sir Alfred Kempe, D.C.L., F.R.S. (Treasurer 
to the Royal Society), Sir Henry Norman, M.P., Colonel R. E. Crompton, 
C.B. (Past President), Dr. R. T. Glazebrook, C.B., F.R.S. (President of 
the Faraday Society), Mr. W. F. Marwood, C.B. (Assistant Secretary to 
the Board of Trade, Railway Department), Mr. R. A. S. Redmayne, 
C.B. (Chief Inspector of Mines, Home Office), Major W. A. J. O'Meara, 
C.M.G. (Vice-President), M. Grosselin (President of the Société Inter- 
nationale des Electriciens, and President of the (6th Section) Société des 
Ingénieurs Civils de France), Herr Geheimrat Christiani (President of 
the Verband Deutscher Elektrotechniker, and Past-President of the 
Elektrotechnischer Verein) Mr. A. B. Anderson (Member of Council), 
Mr. J. J. Bisgood (Mayor of Richmond), Mr. R. Blomfield (President of 
the Royal Institute of British Architects), Mr. T. P. Brogan (Mayor of 
Battersea), Dr. S. Z. de Ferranti (Past President), Professor P. F. Frank- 
land, F.R.S. (President of the Chemical Society), Mr. F. Gill (Member of 
Council), Mr. J. S. Highfield (Member of Council), Mr. W. Judd (Vice- 
President), Mr. J. E. Kingsbury (Meniber of Council) Mr. P. V. 
McMahon (Member of Council), Mr. W. McWhirter (Chairman of the 
Scottish Local Section), Professor T. Mather, F.R.S., Mr. R. C. Heron 
Maxwell (Assistant Secretary to the Board of Trade, Companies 
Department), Dr. R. Messel, F.R.S. (President of the Society of Chemical 
Industry) Mr. W. M. Mordey (Past President), Mr. W. H. Patchell, 
Mr. S. L. Pearce (Member of Council) Professor J. Perry, D.Sc., 
F.R.S. (Past President), Mr. W. Rutherford (Member of Council), 
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Mr. A. H. Seabrook (Member of Council), Mr. Roger T. Smith (Member of 
Council) Mr. C. E. Spagnoletti (Past President), Mr. C. P. Sparks 
(Member of Council), Mr. J. Swinburne, F.R.S. (Past President), Mr. 
A. M. Taylor (Chairman of the Birmingham Local Section), Professor 
S. P. Thompson, D.Sc., F.R.S. (Past President), Mr. H. L. Thomson 
(Mayor of Westminster), Mr. C. H. Wordingham, and Mr. P. F. 
Rowell (Secretary). 

The PRESIDENT gave the toasts of “ His Majesty the King,” and of 
“ Her Majesty the Queen, Queen Alexandra, His Royal Highness the 
Prince of Wales, and the other members of the Royal Family.” 

The Right Hon. HERBERT SAMUEL, P.C., M.P. (H.M. Postmaster- 
General) in proposing the toast of “The Institution of Electrical 
Engineers,” said: Perhaps it is not unfitting that the member of the 
Government who is for the time being the head of what is probably the 
largest electrical enterprise in this country should have been invited to 
propose this toast. The Post Office, which is charged with the duty of 
conveying by telegraph and by telephone the communications of the 
whole of the population, owes very much to electrical engineers, 
and it is grateful for the assistance which is rendered by this Institution 
to the development of electrical science. I should particularly like to 
express the obligations of my Department to the Institution for the loan 
of its commodious and stately building for the recent meetings of the 
International Conference on Wireless Telegraphy. I know that the 
distinguished men who came as delegates from all over the world 
were impressed by the magnificent quarters which the Institution 
has provided upon the-Embankment. The electrical engineers of the 
United Kingdom have by their labours built up for this country a great, 
prosperous, and rapidly growing industry. I cannot refrain from draw- 
ing your attention to some figures which were given in answer to a 
question in the House of Commons only a few days ago, and which 
illustrate the remarkable growth of the British electrical industry. 
Until a few years ago—the date given was 1903—the British exports of 
electrical machinery of all kinds were less than one-half of those of the 
United States of America. Thus, the United States had a considerable 
lead, for while British exports of electrical machinery were valued at 
£437,000, theirs were valued at over £1,000,000. The latest figures— 
those for 1911—show that while the exports of the United States have 
increased .£rom £1,000,000 to £1,700,000, British exports have risen 
from £437,000 to £1,791,000 ; so that the British exports have multiplied 
more than fourfold in eight years, and are now slightly greater than 
those of the United States of America. I draw no moral from that 
with respect to differences of fiscal policy ; but it shows a remarkable 
result of the well-directed use of capital and labour, and above all of 
professional skill, that so large an advance should have been made in 
so short a time. And, after all, if capital is necessary for the develop- 
ment of an industry, and if skilled labour is essential for its prosperity 
and progress, the intellectual effort of the men who direct that indus- 
try is most important of all. If the capitalist represents the pocket, 
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and the workman represents the hand, electrical engineers represent 
the brain, which stands, of course, on a far more august level. My 
toast is the health of the Institution of Electrical Engineers, and I ask 
you to couple with it the health of the President, Mr. Duddell. When 
the Government recently had to form an expert committee to inquire 
into the difficult subject of wireless telegraphy, the task of forming 
that committee was difficult. To secure both competence, inde- 
pendence, and impartiality, was not easy. The first name, com- 
bining all three of those qualities, that occurred to the Government 
as a suitable member of that committee, was that of the President 
of this Institution, Mr. Duddell; and for the other technical 
members of the committee it was felt to be impossible to do better 
than select two ex-presidents of the Institution and one member 
of the Institution who is an ex-president of two of the sister institu- 
tions. Although Mr. Duddell has the distinction of being the inventor 
of the singing arc, which is the foundation of one of the competing 
systems of wireless telegraphy, so great is the Government’s confidence 
in his impartiality that the only doubt they felt in his appointment was 
lest he might be biased, owing to excessive conscientiousness, against 
the system which had made use of his invention. I have no doubt that 
there are many triumphs in store for Mr. Duddell, and that he will in the 
future win fresh laurels in that sphere which he has made his own, and 
on which he has cast so much distinction. He is, I believe, the youngest 
President in thé history of this Institution, but certainly not the least 
distinguished of them. In the conviction that the future has in store 
for him many more victories in the field of electrical science to add 
to his reputation and to add to the distinction which his work has con- 
ferred upon electrical science in this country, I propose the health of 
the Institution of Electrical Engineers, coupled with the name of its 
President, Mr. Duddell. 

The PRESIDENT (Mr. W. Duddell), in responding to the toast, said : 
I do not think, speaking for my fellow-members of the Institution, that 
I need say much about the Institution itself. We are all of us greatly 
interested in promoting its welfare and in extending its scope. The 
Postmaster-Gencral has spoken of the great advances that have been 
made in electrical engineering. When this Institution was founded 
as the Society of Telegraph Engineers in 1871, the only real application 
of electricity of any importance was telegraphy. Electricity has 
gradually invaded since that day all the sister sciences; it has become 
more and more woven into the needs of our daily life. There is hardly 
anything we now do, there is hardly anything we now employ, which 
has not at one time or another been partly dealt with electrically. Our 
food is now cooked electrically ; we heat our homes electrically ; we 
light electrically ; we supply power to our factories electrically ; we 
now produce our metals from the ores electrically; we are raising 
them from the bowels of the earth electrically; in fact one really 
doubts whether there is any domain which electricity will not shortly 
invade. Electricity is now intimately mixed up with the arts of 
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metallurgy and with chemistry, and we are beginning to wonder 
where it will all end. We know certainly that electricity has some- 
thing to do with the vital processes going on in the human body : 
it is part of our daily life. It is being applied to agriculture to improve 
our crops, and there are some people who go so far as to suggest— 
and not without reason—that mass itself, which we thought was the 
one thing that was constant in Nature, is after all only a manifesta- 
tion of electricity in motion. Is it surprising, therefore, that electricity 
has advanced during the last forty-one years? During that time this 
Institution has advanced also. The first list of members contained 73 
names, and to-day, with the applications for membership that are 
before the Council, the number is 7,300. We have increased a hundred- 
fold in forty-one years. And I do not think that we have by any means 
reached the limit. In 1907, for which very convenient figures are 
available, there were about half a million people employed in electrical 
industries in this country, and no doubt the number has not diminished 
since then. Engineering was looked upon in those days as being one 
of our big industries, and the electrical branch of it was about 14 per 
cent of the total. What will be the position in two or three years' time 
when the census of last year is published by the Government? I 
venture to predict that that 14 per cent will be enormously increased, 
for there is no branch of mechanical and general engineering which 
we have not invaded since that time. There is one further point I 
should like to mention. The Postmaster-General has referred to the 
exports of this country. What are the imports into it of electrical 
apparatus? The figures are available in a very convenient form for 
1907 as percentages of what we ourselves produced. I find that in 
general engineering, exclusive of electrical engineering, the imports 
were about 9 per cent of our total production, while the imports 
of electrical machinery at that date were about 14 per cent, and of 
electrical apparatus about 26 per cent. I prophesy that by the time 
the next census is published the position will have been reversed, 
and we shall find that electrical apparatus is now imported into this 
country to a smaller extent than is machinery in general. I do not 
think I need detain you longer in thanking Mr. Samuel for the kind 
way in which he has proposed my health and that of the Institution 
with which I am connected. We all appreciate his kindness in leaving 
his duties at the House of Commons to attend our dinner to-night, 
to give us a good send-off, and to wish God-speed to our Institution. 

Professor J. Perry, D.Sc., F.R.S., then proposed the toast of 
“ Our Guests." 

The Right Hon. Sir Н. B. BuckLey (Lord Justice of Appeal), M. 
GROSSELIN, and Herr GEHEIMRAT CHRISTIANI responded. M. Grosselin 
said that this year the Société Internationale des Electriciens hoped 
to arrange in Paris, in May, a joint meeting with the Institution, 
including visits to works and conferences on various subjects. 

A re-union was subsequently held in the Victoria Hall of the Hotel. 
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THE MECHANICS OF ELECTRIC TRAIN 
| MOVEMENT. 


By F. W. CARTER, Associate Member. 


(Paper first received 8th S'anuary, and in final form 14th February, 1912; 
read before the MANCHESTER LOCAL SECTION 16th April, 1912.) 


A couple of years ago the author, having ventured to criticize certain 
deductions, made in the course of a paper read before the Institution of 
Civil Engineers, in that they were mechanically unsound, was answered 
by an exercise in the argumentum ad hominem, commencing with :— 


“The arguments put forward from time to time on this sub- 
ject by a small group of engineers of American training or 
association unfortunately gave evidence of an assumption by 
these gentlemen that ability to deal with the technics of electric- 
railway engineering was a monopoly of their own. At least they 
had permitted themselves such an indulgence in mathematical 
manipulation as could be explained only by their feeling assured 
that, for some such reason, their figures would be immune from 
analysis and correction.” * 


The imputation is untrue, but without bearing on the technical 
matter then under consideration. The methods that the author used 
as the basis of his criticism in this case, although so far as he is con- 
cerned original with himself, are doubtless commonplace with others 
whose duty requires them to guarantee performance of electric trains. 
Whilst the.author proposes here to give an account of some of the 
simpler methods he employs, the object of the present paper is rather 
to call attention to the reckless disregard of mechanical considerations 
that has characterized discussion of electric railway subjects in this 
country in recent years. It is not in recondite technical matters that 
this disregard is most manifest, but in matters of fundamental 
mechanics, having no exclusive relation to electric traction. For 
example, the kinematical principle that the distance traversed is the 
time integral of the velocity and is thus represented by the area of the 
speed-time curve, is not infrequently ignored, and the principle of con- 
servation of energy, which requires the energy input to the train to be 
greater than the output, is not always observed. In fact, there appears 
to be a disposition in some quarters to treat train motion as sui generis 


* Minutes of Proceedings of the Institution of Civil Engineers, vol. 179, p. 224, 
1909-10, and vol. 186, p. 164, 1910-11. 
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and as uninfluenced by the considerations which govern motion in 
general. 

The methods that one might reasonably expect to find in general 
use for the calculation of train characteristics and energy consumption 
belong to the province of elementary mechanics. They are simple and 
straightforward, involving so little of the element of estimation that 
there is practically no room for bias in their employment. They apply 
equally well to all systems of operation, and are capable of taking 
account of all the essential features of the problem. They would 
naturally be lookcd for in the earlier chapters, of any book of electric 
railway technology,.as they constitute by far the commonest form of 
calculation that the electric railway engineer has occasion to make. If 
the author presents the arrangement of work that he himself employs, 
he must not be understood to be claiming special superiority for it, still 
less that he is the sole originator and user of such methods. He be- 
lieves that any competent person having to compute the charac- 
teristics of electric train movement would instinctively employ similar 
or equivalent methods. 

Whatever be the ultimate object of the calculation, the imme- 
diate problem is assumed to be that of determining whether a given 
train, driven by an electrical equipment whose characteristics are com- 
pletely known, is capable of running to a certain schedule, and if so, 
of determining what the characteristics of therun are—the speed, 
energy consumption, temperature of motors, etc. The chief feature of 
the solution is the adoption of speed as independent variable, and the 
calculation of increments of time, distance, energy, etc., to correspond 
with given increments of speed. The smaller the increments are taken 
the more accurate will be the calculated curve, but for practical pur- 
poses half a dozen points between rest and free-running speed will 
usually be found sufficient. 

Given the characteristic curves of the motor, for the particular 
voltage, gear ratio, and size of wheel, the tractive effort at any speed is 
known. If the opposing force due to train resistance be subtracted 
from this, the remainder is accelerating force, and knowing the weight 
of the train the rate of acceleration is known. This divided into the 
increment of speed gives the corresponding increment of time, which, 
multiplied by the mean speed, gives the increment of distance. The 
kinematics and dynamics of the subject are included in this statement. 

The tractive effort of a motor is for this purpose naturally measured 
at the rims of the driving-wheels when running at constant speed. The 
resistance due to gear, motor brush, and bearing friction is usually, 
therefore, charged to the motor and does not appear as train resistance. 
When the speed is varying the tractive effort at the driving rims at a 
given input is different on account of the motor torque being in part 
used in accelerating revolving masses. 

If F is the tractive effort of a motor measured in the ordinary way, 
r the radius of the driving-wheels, and g the gear reduction, the torque 
on each. armature (over and above friction torque) is F r/g. If ais the 
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acceleration of the train, the angular acceleration of the armature is 
galr, and of the driving-wheels a/r. If T is the counter torque on the 
armature, and I’ its moment of inertia— 


Fr 
——T=!’ z- • . е e . Ы е e. (1) 
Е #7; 


If f, is the effective tractive effort, I the moment of inertia of a driving- 
wheel, and i that of a gear-wheel— 


Р а .a 
gT—frezl--i. . . • . ° ° е (2) 
Eliminating T from (1) and (2)— 


rn etl Se? a. EY (3) 


Z f, is the total effective tractive effort at the rims of the driving- 
wheels. Part of this is used in overcoming train resistance (Е), part 
in accelerating the mass of the train (M a), and part in impartińg angular 


acceleration to trailing-wheels (= a a). 


Hence— | 
sA- РМ 1 а. РЕ 


Eliminating f, from (3) and (4)— 
ув = [мъх 1р; AE eon 05) 


Thus, X F being the sum of the tractive efforts of the motors, measured 
as specified above, the influence of rotary inertia is to increase the 
effective mass of the train by— 


zit 


tzi +É 


where the first summation is taken for all armatures, the second for all 
wheels, driving and trailing, and the third for all gears. 

The radius of gyration of an average steel railway wheel is about 
0'77 of the radius of the wheel, so that approximately— 


SST =обт o ........ 6) 


The order of this quantity is usually about a quarter of a ton for 
each wheel, or a ton per 4-wheeled bogie truck. 
The radius of gyration of a commutating railway motor armature 
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is usually about о'7 of the radius of the armature, so that approxi- 
mately— 


lg mk Е d'* 
& E sosm ge = =o mg * ject ott (7) 


d aud d' being the diameters of driving-wheel and armature respectively. 
Thus if— 


m' = 1,800 lb, d'zi8jin, d= qgoin, g= 2. 


lg 


ү? 


== 2,500 lb. approximately. 


The gear-wheels are of small consequence, adding perhaps a tenth of 
a ton each to the effective weight of the train. 

For the three-coach train considered in the example below the 
addition for rotary inertia becomes :-- 


Tons. 
24 wheels ... $e - . бо 
4 armatures at 2,500 lb. Uum - © 45 
4 gear-wheels  ... Los Em el 04 
IO'9 


Thus the actual train weight being 118 tons, the effective weight is 
approximately 129 tons. 

There is still much to be written on the subject of train resistance, 
for whilst long experience with steam trains has given fairly reliable 
figures for the resistance behind a locomotive, an equal degree of 
consistency has not been reached for electric trains. There is still 
doubt as to the amount to be added for head resistance, whilst the 
resistance of motor coaches seems to be much higher than would have 
been anticipated,* though whether particularly due to the blocking 
of the air-way under the train by the motors, to low centre of gravity, 
to large non-spring-borne weight, or to some ether cause, is not clear. 
However, it is not the author's intention to discuss the subject here, but 
in the example worked out below the train resistance curve of Fig. 2, 
taken from an appendix to Mr. Dawson’s recent paper,] will be 
assumed. In suburban service an exact knowledge of the train resist- 
ance is not of primary importance, as free-running speed is practically 
never reached, and the speeds actually attained are hardly affected 
within the limits of the practicable variation of train resistance. It 
should be noted that the train resistance when coasting is necessarily 
higher than when running with power on, since it then includes motor 
and gear friction. The author usually takes account of this by assuming 

* J. A. F. Aspinall, Presidential Address, Proceedings of the Institution of Mechanical 
Engineers, 1909, Appendix iv., p. 473. 


t P. Dawson, Minutes of Proceedings of the Institution of Civil кш» vol. 130, 
P. 46, 1910-11. 


488 | CARTER: THE MECHANICS OF [16th April, 


the coasting retardation in miles per hour per second to be a hundredth 
of the train resistance in lb. per ton, thus increasing the coasting 
resistance in about 2 per cent greater ratio than the effective weight, 
bears to the actual weight (in the example below 11 lb. per ton train 
resistance with power on is taken as giving o'i1 mile per hour per 
second coasting retardation, which corresponds to actual resistance of 
about 12] lb. per ton). This is, of course, merely a council of laziness, 
and devoid of scientific justification other than that a little error here 
has but very little effect on final results. 

The method of making a schedule calculation will be best understood 
from an example. Take, as a typical schedule, that of the South London 
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elevated trains. Here fhe total distance of 8:7 miles is timed to be 
run in 24 minutes, including 20-second stops at each of 9 intermediate 
stations. The average distance between stations is therefore 4,590 ft., 
and the running time for this distance may be taken as 124 seconds, 
thus leaving 20 seconds in hand at the end of the journey. It is 
proposed that the train consist of three coaches, two being trailer 
coaches weighing 30 tons each, and one a motor coach (of similar 
build, but having heavier trucks) weighing 34 tons exclusive of equip- 
ment. It is assumed that power is to be supplied to the train at an 
average pressure of 550 volts continuous current, and it is proposed 
to use a 4-motor equipment, the motors being of the same type as is 
used on the Metropolitan District Railway and elsewhere. The 
characteristic curves of the motor, with 65/18 gear and 40-in. driving- 
wheels, are given in Fig. І. The weight of the 4-motor equipment, 
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with all accessories and structural material, and including air-com- 


pressor equipment, is 15} tons. The total train weight is therefore 
` 118 tons, made up as follows :— 


Tons. 
I motor coach complete koe ... 495 
2 trailer coaches at 30 tons each ‘0 
Average passenger load... — e. 85 
118°%0 


The effective weight, as shown above, is about 129 tons. 

The whole schedule calculation for this case is shown in Table I. 
In this table the first three columns (except as to the first line) are 
taken from Fig. 1. The fourth is from Fig. 2, being the ordinate 


‚ Ibs. per ton. 
Р 


Train resistance 


multiplied by 29} (tons per motor). The first three lines of the table 
taken together cover the period of acceleration on resistance. The 
figures in the first three columns and the first line are special, being 
supplied to correspond with starting conditions. Series-parallel 
control ensures that the train takes 175 amperes per motor for half the 
acceleration period and 350 amperes per motor for the other half, thus 
leading to the correct mean incolumn 12. Whilst these special figures 
would be different in the case of a different system of electrification— 
the single-phase system for instance—the calculation of the acceleration 
section of the table follows along exactly the same lines as any normal 
section, In order to show more particularly what the process is, 
consider lines 3, 4, and 5 as embodying a typical section of the table. 
The figures in the first four columns having been taken from the 
curves, that in the fifth is the mean between 4,600-210 and 3,300-220. 
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The increment of the speed in the sixth column is, of course 
(20'0-18:2). The increment of time is obtained from a single setting of 
the slide rule by multiplying the increment of speed (1°8) by 3,290, 
and dividing by the mean accelerating tractive effort (3,735). The 
figure, 3,290, which applies to the whole table is, of course, 102 times * 
the effective weight of train per motor in tons. The time (column 8) on 
the fifth line is obtained to the nearest tenth of a second by adding the 
increment to the time given on the third line. The speed in column g 
is the mean between 18:2 miles per hour and 20 miles per hour, and the 
increment of distance (column ro) is this speed (19:1 miles per hour) 
multiplied by the increment of time (1°58 seconds) and by 1°467 
(i.e. 5,280/3,600). Тһе distance (column rr) follows by successive 
addition of increments. The figure in column r2 is the mean between 


30 40 50 60 70 80 90 тоо IIO 120 130 
Time, Seconds. 


FIG. 3. 


350 and 275 amperes, whilst that in column 13 is derived by multiplying 
this figure by the increment of time (1°58 seconds), again by 550 (volts), 
and dividing by 3,600. In the case of an alternating-current system 
one naturally includes columns for power and mean power instead of 
column 12 of the table, otherwise the calculation proceeds on exactly 
the same lines as for the continuous-current system. 

In the above manner, then, the table is developed as far as line 13, 
at which point it is advisable to plot the curve between speed and timc 
(columns 2 and 8), and also put in the braking curve to terminate at 
124 seconds (Fig. 3). The latter curve has been taken as sloping at 
the rate of 2°75 miles per hour per second as in Fig. 8, which applies 
to the service in question. This, whilst a somewhat higher rate than 
usual, is quite suitable for a fast suburban schedule, as conducive to 


* To produce an acceleration of 1 mile per hour per second in an effective mass of 
2240 х 5280 


І ton requires a force of 322 © 3600 7 102 Ib. 
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low energy consumption. It is now necessary to find by trial the 
position of the coasting curve which makes the total area included 
equivalent to 4,590 ft. If power is cut off after 55 seconds the total 
area included works out at 4,602 ft., which is probably near enough to 
the 4,590 ft. required, allowing a little for contingencies. Lines 12 and 
13 are now abandoned in favour of lines 14 and r5 and the table com- 
pleted in accordance therewith. The energy consumption works out 
at 6,100 watt-hours for the 118-ton train per 4,600 ft, leading to 
7 kw.-hours per train-mile, or 59:4 watt-hours per ton-mile. 

Such being the straight dynamical solution of the problem of train 
movement, it is perhaps desirable to discuss its practical value, and to 
inquire in what measure it corresponds with the facts it is supposed 
to represent. There are few points in connection with the solution 
that have not been subjected to rigorous analysis and careful com- 
parison with test. So far as concerns the principle of the method it is 
as little open to objection as the customary calculations on Atwood's 
machine or the ballistic pendulum, and must be accepted unless one is 
prepared to tilt against the laws of motion. The most obvious 
theoretical objection to the method is that the increments of speed are 
taken by no means small, whilst for accuracy they should be infini- 
tesimal. It is open to any one to make the calculation with increments 
as small as he pleases, or by a simple and obvious use of curve paper 
to get the effect of infinitesimal increments. When he has done this, 
however, and plotted his train characteristics he will find that they 
differ inappreciably from the author's. 

It will be seen that the increments of distance and energy in 
Table I are computed as if successive points on the speed-time and 
energy-time curves were joined by straight lines. Accordingly (from 
the direction of curvature), the distance, as measured by planimeter, 
should be, if anything, a little greater than calculated, and the energy 
a little less. The period of acceleration to the speed curve is treated 
in the calculation as if the number of controller points were infinite and 
the rheostats adjusted to give uniform accelerating current per motor, 
whereas actually a few controller points only are employed, resulting 
in as many peaks of current. With rheostats adjusted to give uniform 
peaks, however, this deviation from actual conditions is without appre- 
ciable effect on the speed, energy consumption, or loss in rheostats, 
so that there is no need to complicate the calculation with nearer 
approach to actual conditions in this respect. 

Where such a schedule calculation is made to correspond with the 
conditions of a test, there is clearly no reason for anticipating sensible 
difference between the results of calculation and test, and as a matter 
of fact no such difference is discernible. As a published instance of 
this one may direct attention to the figure of 92:8 watt-hours per ton- 
mile given by Mr. Deeley in the communication quoted below,* as the 
input to the motors alone in a certain test—which happens to have been 
made on straight and level track—and the figure of 91:5 watt-hours per 

* Sce Table I, p. 445. 

VoL. 50. 29 
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ton-mile obtained by the author from a calculation of the same schedule * 
—in deducing which figure it may be remarked that the author had no 
exact knowledge of the train, nor was he interested in making the 
manner of running in his calculation exactly correspond with the test, 
as comparison between test and calculation was quite beside the 
purpose of his argument. Such differences as occur between the 
results of test and calculation are usually, in fact, traceable to imperfect 
knowledge of the circumstances of the test. Guarantees of perform- 
ance, for instance, have often to be made before trains are built, so 
that only estimated train weights and other particulars are available. 
The guarantor then naturally keeps a little in hand, to cover possibly 
adverse conditions. The specified rate of braking, again, is often much 
below the realized rate, and the maker of the equipment gets quite 
undeserved credit for improving on his guarantees. But where the 
circumstances are known the performance of the train can be com- 
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puted with as great a degree of precision as it is practicable to 
determine it by test. 

The complete calculation for an actual run although introducing no 
new principle is usually, of course, much more elaborate than the above 
example. In particular the gradients are very troublesome, not as 
gradients—for their effect is accurately included in train resistance— 
but from the fact that the point in the calculation where a change of 
gradient occurs has to be determined by trial, which operation is apt to 
consume much time and patience. A far more expeditious method for 
runs extending over many gradients was developed by the author some 
nine years ago and published by the American Institute of Electrical 
Engineers.] The method in question is an analytical one, employing a 
system of universal speed-time and speed-distance curves from which 
those appropriate to the problem are selected. However, as these 
curves were notreproduced in sufficient detail or on large enough scale 
to be of value, itis unlikely that any one but the author makes use of 


* Minutes of Proceedings of the Institution of Civil Engineers, vol. 179, p. 199, 1909-10. 
t Transactions of the American Institute of Electrical Engineers, vol. 22, р. 133, 1903. 
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them. As an example of the method the train characteristics have been 
computed for runs in the two directions over the route to which curves A 
and B of Fig.8 correspond, using, however,the same train and equipment 
as was employed in calculating Table I. and Fig. 3. The results are 
represented in Figs. 4 and 5. It may be remarked that the method of 
. the present paper was assumed as known in the American Institute 
paper, and was there referred to as the “ point-to-point method." 
Although a somewhat long and tedious calculation is usually neces- 
sary tofurnish a complete representation of a particular service, it must 
not be thought that such average calculation as is exemplified in Table I, 
and Fig. 3, is without value. On the contrary, the results obtained 
from the average schedule run are in general very fair approximations 
to the average results corresponding to the actual schedule. Of course, 
if the line is, like the Central London Railway, graded so as to dip in 
each direction from every station, the schedule can be run with less 


EN Gradient 
WE 5000 lin 629 down 
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powerful equipments and with lower energy consumption than would 
otherwise be the case, but where the stations are promiscuously 
arranged with reference to gradients, the average energy consumption 
for runs which return to the starting-point is not usually more than 
2 or 3 per cent greater than it would be if the track were level every- 
where—the extra power required at one place being practically given 
back at another. In the worst case that the author has had occasion to 
investigate, viz. for the line between Finsbury Park and High Barnet, 
there is a continuous up-grade averaging 1 in 72 for the first 24 miles 
from Finsbury Park, after which the line undulates. In this case, with 
stations about a mile apart, the average energy consumption for runs in 
the two directions worked out about 6 per cent greater than if the 
track had been level. Small as is the usual effect of gradients on the 
average performance, the effect of variation in distance between stations 
is even smaller—the performance for the average distance agreeing 
very closely with the average performance for the actual distances. 
The effect of curves, junctions, etc., unless such as to impose restriction 
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of speed, is small and sufficiently well met by taking a somewhat high 
figure for train resistance. 

Altogether the train characteristics of an average schedule run are 
of great value and significance, corresponding closely with the gencral 
performance of the train. How close the correspondence is depends 
on the particular features of the problem, but if a complete investigation 
of the South London elevated service—represented typically in Table I— 
were made, there is no doubt that the equipment would be found dyna- 
mically sufficient for the work specified, and it is unlikely after allowing 
for all possible contingencies that one would find it necessary to fix a 
higher figure than 74 kw.-hours per train-mile for the guaranteed 
energy consumption of the 3-coach train in question under the condi- 
tions of actual service tests over the route. 

Enough has perhaps been said to show that any one who possesses 
the requisite data and who cares to take the requisite trouble, can 
determine the effect on a train of a given equipment driven in a given 
manner over a given route. Much less elaborate methods, however, are 
often sufficient to determine whether a stated result is within the 
bounds of practicability or to show that some train test is valueless, 
either as being inaccurate or as being affected by some accidental cir- 
cumstance which destroys its value as characteristic performance. It 
is proposed now to discuss a few published cases, typical of much that 
has been written on the subject in this country, in which claims are 
made whose untenability is obvious from the simplest mechanical 
analysis. | 

As a first example it might be advantageous to discuss that which 
led to the remarks quoted in the first paragraph, for, although some 
calculation is necessary to determine the (ull facts, elementary 
mechanical considerations indicate that something is wrong. The 
issue in this case was more consecutively stated in a communication * 
from the late locomotive superintendent of the Midland Railway than 
in the paper from which the above quotation was taken. 

The letter in question was directed at Mr. Aspinall, and it is 
sufficient for the present purpose to quote a few paragraphs only :— 


“She tests were made on the level lengths between Lancaster and 


Heysham. The train weighed 51$ tons, and was worked over a 
distance of 1,760 yards, starting from rest. This was accomplished 
in r19 seconds, the mean speed being 30:25 miles per hour. 

* Table ‘A’ gives the leading particular of the train used. 

"In Table I. the mean results of 12 tests, 6 in each direction, 
taken on different days, аге shown. On Diagram 1 + attached is plotted 
the most representative single curve. The total consumption was 
measured by meter on the high-tension circuit, and the figures 
agreed with the sum of the watt-hours registered by the low-tension 
meters. 

* R. M. Deeley, in the Railway Gazelle, vol. 47, p. 8c, 1909 ; see also Minules of 


Proceedings of the Institution of Civil Engineers, vol. 179, p. 88, 1909-10. 
t See Fig. 6. 
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“TABLE ‘А’ 


Train for 26 Miles per Hour Schedule, including one 20-second Station 


Stop per Mile. 
| Tons Passengers. 
2 motor-cars (Siemens’ revised weights) 2, “92 144 
I trailer-car 2; ve 5 id n 18 54 
до 198 
Weight of 198 passengers ios TM se 125 — 


102'5 tons total. 


Total horse-power = 4 by 210 = 840. 

Horse-power per ton of train = 9:33 (without passengers). 
Horse-power per ton of train == 82 (with passengers). 
Test train, 514 tons, 420 H.P. 

Horse-power per ton = 815. 


“The diagrams were taken by properly calibrated testing instru- 
ments of the indicating type, the curves being obtained by photo- 
graphic records from them on a mechanically driven drum. The 
variation during. acceleration of the curves on the diagram shows 
the action of the steps of the controller as the speed increases, and 


“TABLE I. 


Driving-wheels ... dus е se 43'5 in. diameter. 

Gear ratio... its us s ei . 88/30. 

R.M.S. current 445 amperes. 

[11 per cent. over con- 
tinuous capacity of 

| motor. 


R.M.S. current 


Watt-hours per ton-mile(low-tension) = 92°80 
Main transformer, C?R loss = I'20 
Main transformer, iron loss = 2°35 
Auxiliary transformer losses = 025 
Vacuum pump = I'59 
Blower = гоо 
Control =  O'II 
Watt-hours per ton-mile ... (Total) = 99°30 


25 miles per hour in 22 seconds. 
1'3 mile per hour per second. 
I'9I ft. per second per second. 


Sustained acceleration 
Maximum acceleration 
Maximum acceleration 


the effect of the voltage variation regulator at the station. It will 
-be seen that, though the horse-power rating of the motors per ton of 
loaded train was only 8:15, the accelerations obtained and the energy 
consumption are both figures that compare well with the published 
results of the Lancashire and Yorkshire and other continuous lines. 
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“To obtain the best results possible with the given speeds and dis- 
tance, which are regarded as typical of the requirements of urban and 
suburban services, somewhat altered gear ratios and wheel dimensions 
would have to be adopted. 

“In Diagram II.* attached, and Table II. below, the curves and 
figures have been altered to show what the effect of such a change 
of motor purchase would be. The diagrams in this case are based on 
the curves representing the average of the test results :— 


* TABLE II. 


Driving wheels ... jue ove lu 40 in. diameter. 
Gear ratio... ss igs nae к 37/1. 
R.M.Scurrent ... b is .. == 360 amperes. 


R.M.S. current ... tinuous capacity of 


motor. 


i per cent. under con- 


Watts-hours per ton-mile (low-tension) = 77°50 
Main transformer, C*R loss == 1:03 
Main transformer, iron loss = -2°95 
Auxiliary transformer losses ... = 02g 
Vacuum pump =  I'59* 
Blower... sal ses е6 == 1:00 
Control = OTI 


Watt-hours per ton-mile ... (Total) = 83°83 


I9 miles per hour in 13 seconds. 
I'8 mile per hour per second. 
2°65 ft. per second per second.” 


Sustained acceleration 
Maximum acceleration 
Maximum acceleration 


Here, then, the case is presented with clearness and simplicity. А test 
which bears evidence of care leads to an energy consumption at 
the train of 99:3 watt-hours per ton-mile. As a test result this is not 
remarkable in апу way, and, in fact, indicates distinctly poor equipment 
efficiency. Mr. Aspinall claims a lower energy consumption at the 
train for a harder schedule. 

It is not likely therefore that publication would have been made on 
the strength of this result. However, from the point of view of low 
energy consumption, the gears are clearly not quite the most suitable, 
though experience would have raised no expectation of any great 
saving from their change. It is, of course, impracticable actually to 
change the gears, and our author, bereft of the wholesome guidance of 
electrical measuring instruments, appears to have been chiefly assisted 
by a strong bias in making his estimate. The figure of 83:8 watt-hours 
per ton-mile (or 83:83 to be exact) is admirably suited to bear its com- 
putors conclusions, but hardly in accordance with expectation or 
consistent with the result obtained by test. 


* See Fig. 7. 
t Proceedings of the Instilution of Mechanical Engineers, 1909, p. 432. 
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There are two ways in which change of gear can reduce the energy 
consumption—one by running the schedule in a somewhat different 
manner, so as to reduce the output required ; and the other by doing 
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more of the work when the equipment is running under conditions of 
higher efficiency and less under conditions of lower efficiency. Inspec- 
tion of the two diagrams referred to, which have been reproduced in 


ES а. ul 70 80 90 100 IIO 120 
Time , Seconds. 


5116 оп,бгаіп; 3-7 еаг; 40 “wheels. 
FIG. 7. 


Figs. 6 and 7, shows immediately that the output of the equipment 
is not sensibly reduced by changing the gears. For, the mean speed 
being the same, there can be no particular difference in the work done 
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against train resistance, and as the brakes are put on at about the same 
speed, much the same amount of kinetic energy is dissipated in them, 
the slightly higher speed in Fig. 6 being amply compensated by the 
greater effective train weight in Fig. 7, in which the rotary inertia of 
the armatures is almost doubled. Тһе enormous saving of power would 
therefore have to be entirely made in the equipment—the diminution 
in the losses in each motor alone amounting to 15:3 X 25:6 x 26 watts, 
or IO kw. This is, of course, out of the question, and is sufficient proof 
that the results are untrustworthy. However, the characteristic curves 
of the motor have now been published,* and the comparative energy 
consumptions of the trains with the two gears, but under otherwise 
exactly similar conditions, can easily be computed. Theauthor's calcu- 
lations, made exactly as suggested in the present paper, show less than 
3 watt-hours per ton-mile saving as resulting from the change of gear.] 
It should be remembered that the difference figure alone is pertinent 
to the issue, and this is substantially unaffected by any small error in 
fundamental assumption or indefiniteness in conditions. If Mr. Dalziel 
still considers his result justified, it is to be hoped that he will now dis- 
close the course of reasoning by which he obtained it. 

The second example is taken from a paper by Mr. P. Dawson,j and 
shows a disregard of elementary mechanical principles without parallel 
in the author's experience. Attention was directed to the matter in the 
course of the discussion on the paper,§ but it is here dealt with in 
greater detail :— 

“The energy-consumption has been worked out for the South 
London train, for an average distance between stations of 6,535 ft. and 
an average speed, including stops, of 33'4 miles per hour; with the 
present gear-ratio it would amount to 71 watt-hours per ton-mile at the 
train. The gear-ratio, however, was designed for the South London 
conditions, and by altering it a further economy on the figure given 
should result. A three-coach train on the Lancashire and Yorkshire 
line is stated to require under similar conditions 96 watt-hours per ton- 
mile on the train." 

In order to appreciate this passage, it should be noticed that to run 
at a speed of 33:4 miles per hour, the distance of 6,535 ft. has to be run 
in 1334 seconds, which time includes the stop according to the text. 
To accomplish this feat a train is used, the speed-time curves of which 
in the two directions when running a distance of 6,030 ft. on a line of 
average gradients are as shown in Fig. 8 || (curves A and B). The time 
in one direction is stated to be 154'5 seconds, and in the other 
150 seconds. This is actual performance, and consistent with the 


* Minutes of Proceedings of the Institution of Civil Engineers, vol. 179, Plate II, 
Fig. 18, 1909-10. 
+ Ibid., р. 200. | 
+ P. Dawson, “ The Electrification of the London. Brighton and South Coast Rail- 
way,” Minutes of Proceedings of the Institution of Civil Engineers, vol. 186, p. 36, 1910-11. 
§ Ibid., p. 126. Since the above was written, Mr. Dawson's reply has appeared 
Ibid., p. 162). 
| || Minutes of Proceedings of the Institution of Civil Engineers, vol. 186, 1910-11, 
Plate IV, Fig. 29, “ East Brixton and Clapham Road.” 
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whole recorded performance of the trains and the requirements of the 
servize for which the trains were designed. But, of course, the running 
time could be reduced by keeping power on longer, though it does not 
follow that it would be advisable, or even practicable, so to reduce it in 
regular service. 

It is apparent from the train resistance and motor curves that the 
free-running spced of thc train on level track is below 45 miles per 
hour, for at this speed the total tractive effort of the motors at full 
voltage is about 2,000 lb., and the train resistance, according to the 
formula * given in the paper—which seems to agree with the tests—is 
above 2,500 lb. However, taking the free-running speed on level 
track as 45 miles per hour whilst continuing the acceleration curves to 
this speed in the most optimistic manner one conceives to be possible 
in order to obtain a more favourable result than one expects to realizc, 
the very best time in which the distance of 6,535 ft. can be run seems 
to be a little over 135 seconds + (Fig. 8, curve C). But, of course, it 
would be quite impracticable to work to this in service, and the most 
favourably disposed person, however ignorant of the difficulties of 
railway operation, would hardly venture to suggest less than 140 seconds 
running time for the 6,535 ft. as a practicable everyday schedule. Thus 
it is kinematically impossible to run the given distance in the time 
specified, with the train whose acceleration curves are as given by Mr. 


Dawson. The result will perhaps be clearer if put in the form of a 
table :— 


TABLE II. 
, Distance. Time. Remarks. 
Feet. Seconds. 


| 6,030 Actual performance. 


152 
(excluding stop) 


| 6,535 I40 Suggested dynamical limit of 
| (excluding stop) practicable performance. 
6,535 135 Best theoretical performance 
(excluding stop) estimated with optimism. 
| 6,535 1334 * Worked out," method not 
| (including stop) divulged. 


Energy consumption has no meaning as applied to a service beyond 
the dynamical capacity of the train, but it may be of interest to estimate 
the output of the equipment when the train is doing its best to run 
to the schedule given (see curve C, Fig. 8). Taking the average train 

* Minutes of Proceedings of the Institution of Civil Engineers, vol. 186, р. 34, 1910-11. 


f That is to say, the area of the curve cannot be made to represent 6,535 ft. in 
other time than this. 
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resistance as 14 lb. per ton, the work done against this amounts to 
about.28 watt-hours per ton-mile.* The energy dissipated in braking 
from 45 miles per hour, allowing 124 per cent increase in weight for 
rotary inertia, amounts in this case to 52 watt-hours per ton-mile.] 
Thus the energy output of the equipment is of the order of 80 watt- 
hours per ton-mile. The energy input necessary just to run the 
distance of 6,535 ft. in 135 seconds without margin, using the trains in 
question, would be of the order of 110 watt-hours per ton-mile. The 
author of the passage quoted appears, however, to have been able to 
satisfy himself that his trains are able to run the distance of 6,535 ft. in 
1334 seconds, including the stop, and with such margin implied as is 
customary in railway service, with an energy input of only 71 watt-hours 
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per ton-mile. It is, moreover, suggested that even this is not the best 
possible, for further economy is predicted from the use of more suit- 
able gears. A lower speed gear would, however, render the equipment 
farther than ever from running to the schedule in question, whilst a 
higher speed gear would result in further increase of energy consump- 
tion. Other examples } of the same kind are to be obtained from the 
same source. 
* 1 lb. per ton train resistance implies 5,280 ft.-Ib. of work per ton-mile or— 


5280 X 746 


= h Е 
оок бо 1'99 watt-hours per ton-mile. 


4 I ton actual weight or т: ш tons effective weight, moving at v miles per hour has 
80\2 
kinetic energy 2240 X 1°125 х = "x m ft.-lb. = 0:0283 X 1°125 t? watt-hours, 


4 See for instance the neun following that quoted. 
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_ Sometimes misapprehension arises through mistaking some casual 
record, in which possibly conditions are unknown or sources of error 
overlooked, for a normal and characteristic one. This may be the 
explanation of a doubtful statement occurring in Mr. Aspinall’s 
Presidential Address to the Institution of Mechanical Епріпеегѕ * : 
“The consumption of current at the train is . . . бї watt-hours 
per ton-mile for 6-car stopping trains weighing 196 tons, and 96 
watt-hours per ton-mile for 3-car stopping trains weighing 117 tons." 

We are not told that the 6-car and 3-car trains work to the same 
schedule and under the same conditions, but in the absence of any 
statement to the contrary it is a legitimate inference. We are there- 
fore justified in questioning one of the figures for energy consumption. 
The author, having had occasion to study the Liverpool-Southport 
stopping service in detail, has no hesitation in stating that 96 watt-hours 
per ton-mile is a reasonable figure for the 3-coach train running to this 
schedule, being, if anything, on the low sidc. A slightly lower figure is 
to be anticipated for the 6-coach train, as the train resistance per ton is 
less the longer the train. 

In Appendix IV to his Presidential Address Mr. Aspinall gives 
something on the resistance of his trains + and finds this- to be 12 Ib. 
рег ton for the 3-coach train at 40 miles per hour and ro'5 Ib. per 
ton for a 7-coach train at the same speed. The difference of 1°5 Ib. 
per ton would lead to a diminution in output of 3 watt-hours per ton- 
mile or in input of perhaps 4 watt-hours per ton-mile. As the energy 
dissipated in the brakes is proportional to the weight of the train, 
there is no reason to anticipate further reduction in the energy con- 
sumption per ton-mile due to diminution in the portion of the output 
so dissipated. The idea that the energy consumption is greatly 
reduced in long trains seems somewhat widely prevalent, being doubt- 
less derived from experience with long-distance steam trains, which 
are, of course, quite a different matter. 

It is desirable that Mr. Aspinall should reconsider his figure of 6r 
watt-hours per ton-mile or give details of the service to which it refers, 
as it is certainly much below the mechanical output of the equipment 
in any practicable way of running to the accepted schedule of the 
Liverpool-Southport stopping trains. t 

However, better examples of confusion between accidental obser- 
vation and characteristic performance are to be found in the recent 
paper read before the Institution of Civil Engineers on the London, 
Brighton and South Coast Railway electrification. The following case $ 
was referred to in the course of the discussion and may without 
impropriety be mentioned here. 


* Proceedings of the Institution of Mechanical Engineers, 1909, p. 432 ; see also Minutes 
of Proceedings of the Institution of Civil Engineers, vol. 179, p. 123, 1909-10. 

+ Proceedings of the Institution of Mechanical Engineers, 1909, p. 477. 

1 184 miles in 37 minutes, including 14 intermediate station stops. If, as seems 
probable, the 6-car train contains only two motor-cars, it is clear that it would be 
incapable of running to this schedule. 

$ Minutes of Proceedings of the Institution of Civil Engineers, vol. 186, p. 29, 1910-11. 
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* [n order to show the influence of long runs on the energy con- 
sumption a non-stop run was made from Victoria to London Bridge, 
this being the only direction in which such a run was possible, owing 
to trafic conditions. This run was made on Sunday, the 13th Novem- 
ber, 1910, and occupied 14 minutes 8 seconds for the complete distance 
of 8'7 miles, giving an average speed of 37 miles per hour. The con- 
sumption measured at the Denmark Hill switch-cabin was 42 units, 
and that given by integrating the chart of the recording wattmeter 
at Deptford was 40°7 units. Taking 41:4 as the mean value, this gives 
a consumption of 344 watt-hours per ton-mile. In addition, however, 
to several unfavourable gradients, there is a net rise of 25 ft. in level 
from Victoria to London Bridge, which represents an energy-con- 
sumption of 2:9 units for the 138-ton train of this test. Making this 
allowance, the figure for energy-consumption becomes 32 watt-hours 
per ton-mile. 

“The track followed has many curves and gradients, and certain 
speed restrictions are thereby imposed, which should be taken into 
consideration in judging the merits of this performance. The scheduled 
speed would also have been increased had the run been on a lcvel 
straight track of the same distance. | 

“The maximum speed attained during the run was 50 miles per 
hour, which is probably the highest practicable speed on this line, 
in consequence of the curves and other conditions which necessitate 
slowing down.” 

There is more of it later,* including the customary comparison with 
Mr. Aspinall’s line ; briefly, then, in a non-stop run of 8°7 miles, at a 
mean speed of 37 miles per hour and a maximum speed of 50 miles 
per hour, the energy input is estimated from the tests at 32 watt-hours 
per ton-mile. In judging the merits of this performance, the fact that 
the mean train resistance is higher than the train resistance at mean 
speed and is not likely to be less than that at 40 miles per hour, should 
be taken into consideration. The train resistance of the 3-coach train 
on straight and level track was made the subject of test, and the results 
are given in Appendix V. of Mr. Dawson’s paper.] This at 40 miles 
per hour was found in one series of tests to be 16 lb. per ton, and 
in another series 15:3 lb. per ton. The track, however, as is duly and 
frequently pointed out, is not straight and level, but has many curves 
and gradients, which impose restrictions on the speed, and without 
vouching for the accuracy of the train-resistance tests one may safely 
assert that to assume a mean resistance of 16 lb. per ton does not err 
in the direction of excess. This requires an output from the equipment 
of 32 watt-hours per ton-mile. But this is not all, for the kinetic 
energy of the train which is ultimately dissipated in the brakes may 
amount to some 5 watt-hours per ton-mile. Thus the total output of 
the equipment is of the order of 37 watt-hours per ton-mile, and we are 
asked to accept as the appropriate input the figure of 32 watt-hours per 


* Minutes of Proceedings of the Institution of Civil Engincers, vol. 186, p. 36, 1910-11. 
t Ibid., p. 46. 
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ton-mile. It appears more likely that a favouring wind was blowing 
or that alternating-current station instruments of great capacity are 
useless for registering energy at so small a rate, than that the system 
employed is unrestricted by the principle of conservation of energy. 

The foregoing will suffice to show that there is neither mystery 
nor difficulty about the mechanics of electric train movement and 
no excuse for the nonsense which has in great measure marred dis- 
cussion of electric railway matters in this country. The author cffers 
this contribution to the subject by way of protest against the presenta- 
tion of biased estimates as facts and of claims of superlative merit for 
performances that are in every way commonplace ; also as a plea that 
members of this Institution insist that their discussions of the subject 
be made on the basis of reason and fact alone. 


DISCUSSION. 


Mr. E. O'BRIEN : The question of train resistance is of consider- 
able interest; though it is not of very great importance on suburban 
work, it is of some importance, and it is of very great importance in 
connection with the larger electrifications which are bound to take place 
in the future. In Mr. Aspinall's Presidential Address to the Institution of 
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Mechanical Engineers, certain train resistance curves were given. It 
will be seen that these curves show rather lower train resistance at the 
higher speeds than those given іп the author's paper. In making the 
experiments from which these curves were produced it was soon found 
that it was exceedingly difficult to determine the train resistance of an 
electric train, and that the determination of the train resistance of the 
coaches of a steam train was an easy matter in comparison. The only 
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satisfactory way, in my opinion, of obtaining train resistance is by 
coasting, and very delicate and accurate instruments are required in 
order to measure the retardation accurately. A very suitable instrument 
is one used in the dynamometer саг оп the Belgian State railways. 
This instrument, Doyen's Inertia Ergometer, is an application of the 
Amsler integrator to the Desdouit's inertia dynamometer. It integrates 
distance and inertia resistances alone, and records a curve whose 
ordinates represent the work done against these resistances. It is 
operated by a pendulum whose indications are unaffected by the action 
of gravity on gradients. In all other tests it is necessary to have 
a very exact survey of the line. This will be more fully realized 
when it is considered that a gradient of 1 in 2,000 makes a dif- 
erence of about 1 lb. per ton in the train resistance, and as the 
train resistances being dealt with are of the order of то lb., an 
inappreciable error in the gradient will cause a 10 per cent error in 
the train resistance results. The author refers to a consumption of 61 
watt-hours per ton-mile referred to in Mr. Aspinall's Presidential 
Address already mentioned. Mr. Carter's footnote to the effect that 
“If, as seems probable, the six-car train contains only two motor-cars, 
it is clear that it would be incapable of running to this schedule” is 
correct. Practically all the trains on the Liverpool and Southport 
line run with two motor-cars with a varying number of trailer-cars, 
and the schedule varies slightly with the number of trailers. It 
should also be pointed out that the motors in the six-car train are 
working at a considerably higher efficiency when running on the motor 
curve than in the case of the three-car trains. The combination of 
these facts explains the discrepancy. Comparisons have so frequently 
been made with the Liverpool and Southport line that I think it is here 
desirable to clear up a misunderstanding which continually occurs in 
making these comparisons. It is assumed that the average length of 
run on the Liverpool and Southport line is the distance between Liver- 
pool and Southport divided by the number of stations in that length. 
As a matter of fact 70 per cent of the train mileage run on the Liver- 
pool and Southport line is run between Liverpool, Hall Road and Ain- 
tree, and Southport, Meols Cop and Crossens. The average distance 
between stations on these lengths is approximately 1 mile and not 1°32 
miles, which is the average distance between stations between Liver- 
pool and Southport. The line between Liverpool, Hall Road and Ain- 
tree, and Southport, Meols Cop and Crossens, is neither flat nor 
straight; it has considerable gradients and abounds in curves. The 
flat, straight portion of the line is that between Hall Road and South- 
port on which comparatively a small portion of the mileage is run. 
The difference in vertical height between Liverpool and Southport 
is 50 ft., and the maximum difference on any part of the electrified line 
is 135 ft. (I give this for what it is worth.) This compares with a 
difference of 25 ft. between Victoria and London Bridge on the 
L.B. & S.C. line (see Fig. то). 

It is a pity that there has been so much comparing of tests that 
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are not comparable. The only tests that we really can compare are 
actual tests made with actual equipments on level line over a given 
distance and at a given schedule, and owing to the very large in- 
creases of energy consumption that occur with comparatively slight 
increases in the schedule when running at high speeds with one stop 
or more per mile, it is of the highest importance that such comparative 
tests should be conducted with the greatest accuracy. The necessary 
accuracy for comparison is seldom attained, and the author is to be 
congratulated on drawing attention to the inaccurate comparisons of 
totally different services that have been made. The author indicates 
that varying gear ratio can have but little effect on the energy con- 
sumption, and I agree with this conclusion. If the gear ratio is in- 
creased, and if a higher acceleration is maintained while running on 
the resistances the resistance losses have a smaller value during this 
period, but the acceleration on the motor curve falls off proportionately 
more rapidly, and less coasting can be done with consequently greater 
brake losses ; on the other hand, if the gear ratio is reduced the starting 
acceleration is reduced. The resistance losses are therefore greater 
and the notching period is longer and more coasting can be done. Thus 
the losses are approximately the same in both cases. I look forward to 
considerable developments from the high-tension continuous-current 
system. -It is now well known that the Lancashire and Yorkshire Rail- 
way Company are going to electrify a short length of line between 
Bury and Holcombe Brook at 3,000 volts continuous current. It is not 
anticipated that the consumption of current at the train will be апу way 
different from that of any other continuous-current train, but it is 
certain that the capital cost of rolling stock will not be appreciably 
greater than that of the low-tension continuous-current rolling stock, 
and that a very high efficiency of transmission will be obtained between 
the power station and train. 

Мг. К. G. CUNLIFFE : The considerations of mechanics dealt with 
by the author are obviously derived from the laws of motion and are 
beyond criticism. I have no doubt that all engineers studying the 
subject make use of methods similar to those used by the author. 
Carrying equation (5) somewhat further, it becomes possible to deter- 
mine the fundamental relationship between the acceleration during 
a given time interval after starting a train and the b.h.p. required 
to sustain such acceleration :— 

х= +(Мм+х £42 5+25)a. a oe. a 6) 
=F +4 Ka ‚...... . ccv rue (6) 


K = constant for a given equipment. 
Speed = af? (at t seconds after start). 
b.h.p. = katZF. 


Substituting values of  F— 
b.h.p. = ki (Fau + Ka) . .. wwe (7) 
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The b.h.p. is therefore proportional directly to the time element M 


considered, to the first and second powers of the acceleration, to the 
train resistance, and to the physical characteristics of the equipment. 
Equation (7) is important from the point of view of maximum 
demand. per equipment, and indicates that, with a given equipment, 
the acceleration can only be increased by increasing the maximum 
demand which in the train performance is represented by the peaks 
of energy or current curves. Equation (6) indicates the effect which 
a change of =F, such as could be brought about by alteration of gear 
ratio or wheel diameter, has upon the resulting acceleration of the 
train. Е is external to the train and not subject to any great modifica- 
tion by dynamic changes in the train equipment. K changes with any 
dynamic change made, but is a factor representing a fractional com- 
ponent only of the total tractive effort and does not change by any 
large amount. Large changes in ХУ Е must therefore produce still larger 
proportional changes in the acceleration. In considering the train 
performances represented by Figs. 6 and 7, as first put forward by 
Messrs. Dalziel and Sayers, we find that the speed graph does not 
coincide with any of the motor characteristics published by these 
writers,* and that it refers, in fact, to a higher voltage characteristic 
than any of those given. In their reply to the discussion on their 
paper + the voltage is given as 340 volts, and there is some ground 
for complaint in that such curve was not given with the remaining 
and less important characteristics. In the absence of the 340-volt 
characteristic it is not possible to check the whole of the train 
performances, but the second may be partially developed from the 
first, on the assumption that the first is correct, as follows : The result 
of the dynamic changes is to increase the tractive effort, as compared 
with the normal values, by.37 per cent and to decrease the speed by 
27 per cent. New characteristic curves for tractive effort and speed 
may be prepared, whilst a portion of the missing characteristic at 
340 volts may be obtained from the logarithmic portion of the current 
curve and its corresponding spced curve in Fig. 6 between limits of 
Зоо and 460 amperes. By means of the above curves the first half 
of the second accelerating period when the motors are running on 
340 volts may be checked in Fig. 7 as against Fig. 6, and the agrce- 
ment is sufficiently close. The important point, however, in comparing 
the two performances is in the first portions of the curves, whilst the 
controller is in use. The times taken in operating the controller are 
respectively 20 and 13 seconds with similar energy and current peaks, 
and since the power input is similar in both cases the time saving 
represents a saving in energy. The acceleration shown in Fig. 7 is 
much lower than would be expected from the proposed dynamic 
changes, and the speed curve does not support the low notching time 
given. I cannot accept the starting peaks of the current curve with 


* Minutes of Proceedings of the Institution of Civil Engineers, vol. 179, Fig. 18, 
Plate 2, 1909. 

1 Ibid., vol. 179, p. 224, 1909. 
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the rapid notching shown. Such peaks should be much higher than 
indicated or, alternatively, the time during which the controller remains 
on any notch should be longer. Fig. 6 shows clearly that a more 
rapid use of the controller would have produced results far more satis- 
factory and with lower energy consumption, whilst much of the saving 
indicated by Fig. 7 is due not to the dynamic changes made, but to the 
more efficient use of the controller. In my own practice I have found 
without exception that very large percentage variations exist between 
the results given by different motormen using the same equipment, to 
the same schedule, on the same track, merely by differences in method 
of control of their equipment. The results have been such as to prove 
that the maximum demand varies inversely as the rate of energy 
consumption during the accelerating period. 

Мг. J. L. MOFFET: On page 443 the author states that the energy 
consumption up and down a gradient of 1 in 72, with stops at an 
average distance apart of 1 mile, is only 6 per cent greater than on 
a level track with the same distance between stations. I have made 
some calculations for a run of 1 mile, at an average speed of 30 miles 
per hour, on a gradient of 1 in roo, with a train weighing 144 tons. 
The energy consumed worked out to 26 kw.-hours for two 1-mile runs 
on the level, 23 kw.-hours for a 1-mile run up the gradient, and 9 kw.- 
hours for a 1-mile run down the gradient. This shows an excess of 
23 per cent for the run up and down the gradient as compared with 
two 1-mile runs on the level. This difference from the result quoted 
by the author is probably due to different conditions. In the case 
I worked out, the same average speed was taken for the run both up 
and down the gradient. The gear ratio was also altered to obtain the 
speed on the gradient, being 1°95 on the level and 1'25 on the gradient. 
It would be useful if the author could give the results of any calcula- 
tions showing the difference in energy consumption, with a train 
running under its best conditions on the level, and its best con- 
ditions up a gradient and down again. It would probably be greater 
than 6 per cent. On page 450 the author states with reference to 
curve C (Fig. 8) that “а higher speed gear would result in further 
increase of energy consumption." By a higher speed gear I presume 
that a gear ratio nearer to unity is meant. A decrease in gear ratio, 
in all but very short runs, allows of longer coasting, and this is com- 
monly supposed to reduce the energy consumption. It would be useful 
if the author could give some information as to the method he adopts 
in finding the most economical gear ratio for a given schedule. I have 
found that, within fairly wide limits, the gear ratio makes little differ- 
ence to the energy consumption. 

The following result is a helpful guide in settling the most econo- 
mical gear ratio. The kinetic energy of a train = М 22/26 = E. Rate 
of increase of kinetic energy = d Eldv = Mv/g. Let V, = speed at 
which notching ends and V, = speed at which braking commences. 
Extra energy to be given to a train during notching, when the notching 
speed is increased by ô V,, iséV,.MV,/g. If the percentage energy 
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lost during notching is taken at 50 per cent for direct-current control 
and 334 per cent for alternating-current control, which are average 
values, the extra energy lost during notching by increasing V, to 
У, + У, is 6V,.MV,/g for direct current and 0 V,.MV,[2g for 
alternating-current control. Decrease in energy lost in the brakes 
owing to decrease of braking speed from V, to V, — 9 V, = 6 V,. M У. 
Assuming that the motor efficiency and the train resistance are unal- 
tered, the energy consumption will be decreased if decrease of energy 
lost in brakes > increase of energy lost in notching, i.e. for direct 
current if— 


sv, MV» > гу, М, 
that is, if— 
Ve. 
Vs > Ve X v, 
V, 
or for alternating current if— 
V. Ы 
У, > У, х 2v. 


From this it can be seen that if the notching speed is 20 miles per 
hour and the braking speed 40 miles per hour, a saving in energy con- 
sumption will be obtained, if by decreasing the gear ratio so as to 
increase the notching speed 1 mile per hour, the braking speed is 
reduced by more than 4 mile per hour with direct-current, or 4 mile 
per hour for alternating-current control. The increased importance 
of working with a gear ratio so as to allow of some coasting in 
alternating-current working is also brought out. 

Mr. Е. LYDALL : I always find that the proper way to explain a 
discrepancy is to go right down into the causes of the same and see 
on what the various results are based. If the energy consumption in 
two different cases is analysed, it can be divided into several portions, 
such as losses in the brakes, in overcoming tractive resistance, motor 
losses, etc. If it can be shown that the various losses are different іп 
the two cases due to different circumstances, then the comparison 
which is made between the two sets of results is quite useless. "This 
paper seems more or less intended to be a sort of sequel to other 
papers dealing with the controversy between the alternating- and 
direct-current systems—at least that is the impression conveyed. Itis, 
of course, quite impossible for a man who believes in the single-phase 
system to give up his convictions, and it seems to me the difference of 
opinion must continue. The decision will mainly rest with the 
authorities of the railways. How is the question to be attacked from 
their point of view? It appears to me that the only sound method of 
getting a perfectly satisfactory comparison between the two systems 
is to get alternative tenders from firms who are capable of carrying out 
both systems equally well, not only for the first cost of the installation, 
but also for the running cost, and for a considerable number of equip- 
ments or locomotives. I would suggest that railway companies who 
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have decided to go into the matter should send inquiries along to 
manufacturers, who would certainly be quite willing to deal with them. 

Mr. W. CRAMP : On page 437 there is a statement which is of very 
great interest. The author says : “ Іп suburban service an exact know- 
ledge of the train resistance is not of primary importance, as free- 
running speed is practically never reached, and the speeds actually 
attained are hardly affected within tbe limits of the practicable variation 
of train resistance.". Does the author mean that the force required to 
accelerate the mass is always so much more important than that re- 
quired to overcome train resistance that the latter may be neglected ? 
The weights given on page 439 are also very interesting. It is there 
stated that 1 motor coach weighs about 49 tons, 2 trailer coaches at 
30 tons each = 6o tons, total 109 tons, and that the average passenger 
load is only 8 tons. It was hoped that when electrification was accom- 
plished the ratio of passenger load to train load might go up; as a 
matter of fact that figure does not show any improvement upon 
ordinary team trains. 8:5 to тод still seems an extraordinarily low 
ratio. Surely with distributed power this might be increased. The 
meaning of the figures italicized in Table I is not very clear. I refer 
now to lines 12 and 13. Perhaps the author will explain these. The 
marking of curves in Figs. 4 and 5 requires explanation. In Fig. 4 it 
is quite clear that the curve with square corners is a power curve ; 
the arched curve is apparently a velocity curve, of which the third 
curve presumably is an integral, but there is nothing in the paper to 
Say so. 

Mr. J. DALZIEL : I disclaim any bias towards single-phase such as 
is alleged by the author to influence my calculated results. Neither 
on my part nor on that of the company with which I am connected is 
there any such bias, nor are there any interests to be served to account 
for such : the sole object of all tests made and calculations founded 
thereon has been to ascertain facts and obtain reliable information on 
which to base future action. So far as I am concerned, the author's 
criticism is concentrated on my calculated consumption of 83:8 high- 
tension watt-hours per ton-mile for the schedule runs of which 
particulars are given in the paper, and he disputes the correctness 
of my figure on the ground of incorrect handling on my part of the 
calculations involved in connection with the proposed more suitable 
gear ratio. He asserts that any saving to be thus effected is of an 
insignificant order, but he acknowledges that the establishment of the 
correctness of my figures would show the single-phase system to 
distinct advantage. To take up the authors points, my calculated 
curves and figures were obtained not from the makers' published 
characteristic of their motors—though they substantially agree with this 
—but they were more reliably deduced directly from the curves of the 
actual road tests with the existing gear ratio, the results of which 
latter precede the former in the paper. The curves were simply 
redrawn, due allowance being made for the increased motor purcbase 
and the consequent higher acceleration, and for the increase of rota- 
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tional inertia, due to higher armature speed. The actual and correct 
figures for rotational inertia are respectively 97 and 11°6 per cent of 
the train weight. Inspection of the curves in Diagram A will show 
that the current and watt curves in Fig. 12 are substantially reproduc- 
tions of those in Fig. 11 to a time-scale compressed in accordance with 
the increased motor tractive effort per ampere with the resultant higher 
acceleration. The running on the motor characteristic is, of course, 
prolonged in the calculated case, but it is the simplest of matters to 
obtain this part of the diagram. Mr. Carter is no doubt aware of the 
method of obtaining the diagrams and figures required for a new gear 
ratio from a running diagram obtained with another ratio, and that 
though it involves several steps of calculation, it is the most accurate 
method possible, and absolutely reliable. Not only so, but the tabular 
data of analysis of the two sets of runs given on pages 188 and 189 of 
vol. 179 of the Proceedings of the Institution of Civil Engineers, and 
reproduced on the screen, suggest this by the coincidence of the figures 
for notching efficiency, and they also provide a complete answer to the 
author's inquiry as to the saving in consumption which is shown by 
the diagram as being 5'9 watt-hours per ton-mile in braking—the 
brakes being applied at 35 instead of 37'3 1n.p.h.—and 9:6 watt-hours 
per ton-mile in increased efficiency. The source of this latter can 
easily be traced. The speed-time curve with the new gear ratio was 
originally got out not so much with a view to saving consumption as in 
an endeavour to reduce the root mean square current, the saving in 
consumption being more or less a by-product. The reduction in the 
root mean square current, of course, follows from the work being done 
at a higher mean voltage and mean motor speed, due to the notching 
periods being more quickly got over, and the run on the motor 
characteristic being proportionately longer ; in other words, it might 
be said that the specific capacity of the motor is better utilized. When 
it is remembered that the efficiency of the machine rises practically 
inversely as the square of the current, considering that the root mean 
square current is decreased from 445 to 360 amperes the source of the 
efficiency gain need not be much further sought for. 

It is not the case that with the second diagram there is no margin 
for making up time ; this is practically identical on the two diagrams ; 
neither is the saving only of the order of 3 watt-hours per ton-mile, 
and it is evident that the author has repeated his Inst.C.E. error of work- 
ing my motors up to only 320 volts, whereas 340 volts is the correct 
maximum pressure. For a fuller reply on these points I refer members 
to the Proceedings of the Institution of Civil Engineers previously 
mentioned. To drive home the correctness of my contentions by 
actual road test, I will refer to page 184 (Inst.C.E. Proc.), giving par- 
ticulars of a single-phase run of the L. & Y. 30 m.p.h. 1°32 mile 
I5-second stops schedule. This schedule both the author and Mr. 
H. M. Hobart have stated to be a more exacting one than the 26-m.p.h. 
schedule of my tests just referred to; it happens that by reason of the 
longer distance of run the existing Heysham gear ratio is well suited 
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to this schedule. The high-tension single-phase consumption amounts 
to 88 watt-hours per ton-mile on the average of a number of runs in 
both directions, reducible with a heavier train probably to 83 or 84 
watt-hours, which compares with the L. & Y. consumption stated 
by Mr. Aspinall to be, on trains with a similar weight per installed 
horse-power, 96 watt-hours per ton-mile low-tension direct current. 
In comparing these consumptions it must be borne in mind that 
behind the direct-current figures up to the power station there lie 
losses in feeders, sub-stations, etc., of some 19 per cent, as given by 
Mr. Aspinall ; behind the single-phase figure there lies a loss of only 
some 3 per cent. Asa further and final comparative figure of alternat- 
ing-current and direct-current consumptions, I will instance that of 
a test by Mr. O'Brien (p. 135, Inst.C. E. Proceedings). This was made on 
my 26-m.p.h. schedule, and specially for quotation against my tests ; the 
direct-current figure was 77 watt-hours per ton-mile, only attained, 
however, by a braking deceleration of 2:7 m.p.h.p.s. ; the consumption 
with a deceleration of 1'8 m.p.h.p.s. equal to that of the Heysham tests 
would have been 97 watt-hours per ton-mile. In my paper, and now, 
I would have instituted further direct-current versus alternating-current 
comparisons based on Mr. Aspinall’s L. & Y. records in his 1909 
address to the Institution of Mechanical Engineers, but for the fact 
that a deeper analysis of these records shows them to be unsuitable for 
comparative purposes without reconstruction to an extent that would 
have made coincidence with their published form not immediately 
recognizable. In fact,as suggested in the present paper (page 451), and 
as pointed out in my reply to the discussion on my paper, it is very 
easy to misread Mr. Aspinall’s figures and curves. More particularly 
the consumption savings shown as due to increased weight of train in 
a great measure do not arise actually from this cause. None of Mr. 
Aspinall’s trains above his 3-car train can, in fact, work to his time- 
table. His 4-car train, for example, takes 151 seconds exclusive of 
stop to cover his mean distance of 1:32 miles, and therefore fails to keep 
time to his 30-m.p.h. 15-second stop schedule by 7 seconds per 
station. The timing of his heavier trains is, of course, increasingly 
worse. Time can therefore only be kept to the L. & Y. published 
time-table by stations being missed, and a heavy, full-stopping train 
must either run late or be timed to an easier schedule than 18} miles 
in 37 minutes with 15-second stops. 

To speak generally, I do think it is time for this question of railway 
electrification to be put on a basis to inspire greater confidence among 
railway people. No one can object to criticism, but I am quite certain 
that the critics would be employed to better purpose in the interests 
of their profession in this country in directing themselves to the 
elimination of those weaknesses of the single-phase system which they 
are so quick to exaggerate for its condemnation, and to its development 
here, so as to put the British electrical trade in a better position to 
compete where single-phase apparatus is required, than in uselessly 
endeavouring to stem the tide of progress by indiscriminate fault- 
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finding, thereby assisting to undermine confidence. My view is that Mr. Dalziel. 
that is best which will be of the greatest future benefit to the railways 
of this country. Mr. Carter himself in a traction article * which I 
recently came across referred to the continuous-current third-rail 
system as having complicated sub-stations, large current and excessive 
loss in low-tension feeders and return, and as being limited in appli- 
cation to crowded districts in the neighbourhood of big towns, and he 
stated that there is absolutely no prospect of the electric operation of 
main line railways while such a system is the best that can be offered. 
In contradistinction to this are placed the advantages of alternate- 
current working. with single-phase alternating motors, transformer 
starting, high-voltage overhead current collection, alternating trans- 
mission, and few sub-stations and feeders. I do not think there is now 
any engineer who will not admit the preponderating advantages of 
single-phase for main line working, but there are still some who 
consider and who state that it is not suitable for urban and suburban 
work, and who advocate proceeding with such work regardless of main 
line possibilities. This may be a correct policy in some instances. I 
have, however, given considerable time to the study of the subject, and 
I can say that I believe firmly that the coming of main line electric 
working, particularly on heavy graded lines with dense and particularly 
dense goods traffic is, provided the prosperity of the country be main- 
tained, only a matter of a very few years. To point this, I have only to 
say that by means of a single-phase locomotive, not too heavy to pass 
the requirements of the Engineers' Department, trains of 40 wagons, as 
against the 29 that can now be taken by the heaviest permissible steam 
locomotives, could be run on the Midland Railway between Derby and 
Manchester Ancoats, and that with a reduction in running time from 
3 hours 5 minutes to 2 hours 1 minute, a saving of 35 per cent in 
running time. 

Because I say this, I do not want any one to conclude that the 
immediate electrification of the Derby-Manchester Midland line is 
impending, for it is not. I merely use it as an example of what 
electrification could accomplish on a heavily graded stretch of railway. 
What I have endeavoured to do is to show in accordance with 
the teaching of my own investigations, that while the single-phase 
system has certain drawbacks in increased weight and cost of rolling 
stock equipment, on the one hand possible main line electrification 
cannot with prudence be overlooked, especially on some lines, and 
on the 'other hand that even in dense urban passenger traffic work 
its disadvantages are by no means so outstanding, and it, in fact, has 
advantages of comparative performance sufficiently great to make 
its rejection for any work that may be in contemplation a matter for 
the gravest consideration, and indeed of bad engineering where main 
line work is possible. While the use of both types of current on one 
line is possible, and in some cases no doubt may be inevitable, the 
resulting complications and additions to expense cannot but be most 

* Electrical Review, vol. 54, p. 868, 1904. 
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Mr. Dalziel. serious, and have indeed been the cause of practically every set-back 
to which the use of single-phase apparatus has been subjected. The 
larger question which has been occasionally raised of late of rolling 
stock interchangeability between railways, I leave. Prophecy has 
been made of another “battle of the gauges” resulting over this in 
the future. I do not anticipate this. The interchange of locomotives 
between railways is not extensive, and in my opinion motor-cars are 
not required and not suitable for any but certain types of short distance 
traffic, where, except in London, interchange need not be practised ; 
they are also expensive luxuries, as compared with locomotives, both 
to install and to maintain. 

Communicated: As arranged in the course of the discussion on 
Mr. Carter’s paper, I beg to submit the following supplementary re- 
marks and diagrams. Diagram A exhibits the speed-time, current, and 
watt curves of my trial test, and deduced 514 tons 26 m.p.h. 20-second 
stop per mile train performances, characteristic speed, tractive effort 
and current curves of the Siemens motors on the new gear ratio and 
340 volts as based on the results obtained during actual trial runs, and 
notes and calculations re the deduced curve and the method of obtain- 
ing the same; diagram B is a copy of our diagram of the motor 
characteristics on the various voltages as already published, but with 
two curves for 340 volts added. I wish to point out in the first place 
that the speed curves of A and B, which should correspond, do not 
exactly do so for two reasons: (1) while B shows the motor per- 
formances with steady given pressure applied to their terminals, A shows 
the actual resultant effect obtained in practice with a power station 
limited in capacity and rather poor in voltage regulation : inductive 
effects of power station, line, and transformers are also taken into 
account; and (2) the commutating transformer tappings made use 
of at Heysham, as found in actual road running to be the best, were 
and are not the same as those used during the shop tests on which 
the characteristics as published were obtained; this alters the power 
factor and consequently the speeds. As regards (1), reference to some 
of the other Inst.C.E. curves will show that the overhead line and motor 
pressures are considerably lower than standard during the periods of 
heavy draught of current at starting, and rise gradually ; and as 
regards (2), on diagram B, an additional set of curves is plotted in 
red showing characteristics on 340 volts as obtained from tests made 
at Heysham with the motors in road condition ; these are in accordance 
with and based on the curve given in the paper by myself and Mr. J. 
Sayers.* 

Owing to the deduced curve being based on the test curve as 
explained in my spoken remarks, the whole of these variables are 
taken into account in it, including every limitation of power station, 
line, high-tension equipment, and the motors themselves ; it is, there- 
fore, strictly such as can be with certainty fully attained in practice, 


* Minutes of Proceedings of the Institution of Civil Engineers, vol. 179, plate 4, Fig. 31, 
1900-10. 
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and I know of no other way by which similar certainty of accuracy 
could be ensured; the foregoing in fact confirms in every way my 
contention that my results are much more accurate and reliable than 
would have been obtained by the point-to-point method using the 
motor characteristics without any thought of the actual line conditions ; 
such a result as the latter could in fact have been put forward at any 
time. There is no doubt that with a power station of much greater 
capacity and better regulation, better results would have been obtained 
on both curves, but in deducing the second curve special care was 
taken to avoid any consideration of this, of the probable favourable 
effects of heavier train weight, or of any factor other than that of better 
gear ratio.* From the calculated curve which I have dotted in, which 
has been worked by the point-to-point method from the characteristics 
and mean currents, it will be seen that in the deduced curve as published 
ample contingency allowance has been made. Furthermore, this curve 
would obviously show a better consumption than mine. 

The notes in diagram A show fully, I think, how the deduced 
diagram was obtained ; they do not add much to my remarks during 
the discussion and the cross conversation between Mr. Carter and 
myself during his reply, and I think after consideration on his part 
they will probably have made matters clear to him. The first part of 
the process of deduction was to plot the current-tractive-effort curve on 
diagram A from the test curve, thereafter the new speed-time, current, 
and watt curves were obtained as follows : It is obvious that the new 
speed at the end of notching can be obtained at once from the 
variation of motor purchase, motor speeds and currents being as before 
relatively to each other; this fixes the required point as to speed, i.c. 
vertically ; then with notching done as before, so exactly repeating the 


* It should be clearly understood, however,.that the difference between the two 
sets of curves has never been put forward as typical of the improvement to be effected 
by change of gear under normal conditions. The power station regulation at Hey- 
sham was not intended for a service such as these tests are typical of, and is not good 
enough for them ; nor is the capacity of the station sufficient. The result of this is 
that on the heavy low power-factor demands during starting, and just after reaching 
the full speed notch, the voltage is low, rising gradually and considerably to a maxi- 
mum of somewhat over 350 volts. On the lower voltages the motor efficiency falls 
off very considerably, more particularly at the higher currents, and it is self-evident 
that the power-station voltage on a demand such as that of the calculated curve, 
owing to the shorter duration of persistence of these heavy currents and the generally 
much lower average current, would be much better maintained and would enable the 
input to the motors to take place on higher and more efficient voltages than in the 
case of the road tests. The high average current demands with the existing gear 
ratio in the case of the latter is in fact one of the special reasons making the dif- 
ference in conditions abnormal. 

It has been made perfectly clear in the Inst.C.E. Proceedings and in these remarks 
that it was with the intention of eliminating these abnormalities and so indicating 
a figure more really representative of single-phase performance under normal con- 
ditions that the calculated curve was got out, and with no intention whatever of 
making a comparison pure and simple between the effect of two different gear ratios. 
The correctness of this curve is all that I am concerned with. 

Better power station conditions are allowed for only to the above extent in work- 
ing out the calculated curve ; and obviously could siniilar maintenance of voltage 
with heavy currents have been ensured during the road tests the results in these cases 
would have been much better, and less difference in consumptíon would have been 
shown between the two gear ratios. 
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amplitude of the current variations and keeping the mean currents the Mr. Dalziel. 
same, the new acceleration obtained is exactly in accordance with 
the new gear ratio less additional inertia. The position of the point is 
then also fixed as to time, i.e. horizontally, and so definitely, by the 
seconds taken to reach the new speed with the new acceleration. 
The speed of notching up will obviously be faster, and the total time 
taken to put the motors on full voltage less, in proportion to the 
higher acceleration. This, I think, clears up Mr. Cunliffe's difficulty. 
If it is desired to check this by the point-to-point method, this can 
be done by finding the new accelerations from the same mean currents 
as before; this will be facilitated by the knowledge from the test curve 
of the train speeds at the beginning and end of working on each notch, 
which as already shown must bear to the test curve speeds the relation- 
ship of the old motor purchase to the new. No substantial difference 
will be found, and such as there is will be in the direction of improved 
working and lower consumption than shown on my diagram, which 
with a margin on the conservative side corresponds both to the test 
curve and to physical considerations. The new curve follows the 
characteristic on the end portion where the current and watt curves fall 
below, and the motor speed is above that of the test curve, this portion 
of the characteristic having been checked by special test runs. It may 
be noted in passing that the voltages in actual. use are not those given 
by the curves in diagram B. 

I cannot in any way agree with Mr. Carter's figures for my curves 
with the amended gear ratio. A general inspection of his diagram and 
figures suggests that his error lies in only working the motors up to 
320 volts, but as I specifically stated during the discussion, I have never 
attempted to verify either these or his consumption figures, and I refuse 
to associate myself in any way with his table. With regard to Mr. 
Carter's contention that my two curves involved are inconsistent with 
one another, I have to reply that, as Mr. Carter himself now points out, 
the Inst.C. E. and the Railway Gazette curves are different. The Inst.C.E. 
curves were later, and were perfectly consistent with each other. It 
is an elementary fact that the power and armature speed are fixed for 
a given current and voltage, but this is exactly what I pointed out, both 
in my spoken reply to Mr. Carter and in the cross discussion between 
us during his reply, as being the basis for my assertion of the correct- 
ness of my deduced curve, though I could not get him to admit it. 
The reasons why the Railway Gazette and the Inst.C.E. curves differ are 
set out in the letterpress respectively accompanying each curve. It is 
stated in the Ratlway Gazette that the first or test curve is a diagram of 
a single run, while the deduced curve is based on the average of a 
number of runs. The Inst.C. E. curves аге in both cases curves repre- 
senting a large number of runs on different days and in both directions. 
In the case of the Railway Gazelle curves a cursory examination will 
show that the first diagram has a steeper brake line and takes опе 
second longer to complete the journey than standard. As for the 
difference in speed by which Mr. Carter endeavours to make a point, 
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Mr.Dalzel this difference represents only some 5 per cent, and on a single run 
such as this is easily accounted for by the voltage of the power station 
being low. Reference to the characteristic will show that the speeds 
are lower than in accordance with it. There is therefore no peculiarity 
either in changing the curves or in insisting that they are correct. The 
Railway Gazette figures are correct, and they are worked on the 
averages, but as already stated the diagram given was absolutely that 
of a single run exactly as carried out. 

Finally, in respect to Mr. Carter's reference to the remarks of two 
other speakers, Mr. Cunliffe rather supported the amended curves 
than otherwise, and I have pointed out already, and do so more 
fully below, where both he and Mr. Carter were under a misappre- 
hension with respect to the speed of notching, while in respect to 
suitability of gear ratio Mr. Carter rightly points out that the most 
economical reduction is that giving the lowest speed capable of 
performing the service with sufficient margin, which is exactly my 
own view and that which I followed out in making my amended 
diagram, the Heysham gear ratio being as it existed suitable for long 
runs as proved by its satisfactory results on the Lancashire and York- 
shire 1:32-mile stops schedule. As I pointed out in the reply which the 
Chairman kindly permitted me to make to Mr. Cunliffe, in the calcula- 
tions which the latter put forward the effect of alteration in gear is not 
taken full account of. It is perfectly true that higher acceleration 
entails a greater maximum demand ; it is also true that the maximum 
demand on my two diagrams is the same. Mr. Cunliffe will be correct 
if he adds the words * at any given speed " to his remarks ; analysis of 
my diagrams will show that the maximum demand at any given speed 
is higher in the second case ; this of course only holds during the 
notching period, after which acceleration falls off. 

With respect to the paragraph at the bottom of page 436, this should 
be made clearer, though I have no doubt Mr. Cunliffe is quite clear on 
the matter himself. As it stands, the statements that the power inputs 
are similar and that the time saving represents a saving in energy are 
contradictory. The times taken to operate the controller up to putting 
the motor on 340 volts are respectively 23 and 124 seconds ; while it is 
true that the average rate of power input is the same in both cases, there 
is a saving in total power input proportional to the saving in time. The 
actual main power input, viz. that for acceleration, varies as the square of 
the speeds at the end of notching. The motor armature speed is, of 
course, the same at any particular current, so the speed at the end of 
notching must be exactly in proportion to the new purchase ; the in- 
creased acceleration is also in proportion to this, and the latter divided 
into the former, neglecting rotary inertia, gives the new time on notch- 
ing, i.e. the old time of notching is to the new as the square of the altera- 
tion in purchase. The accelerations in the second diagram are not quite 
up to what might be expected, but as I explained this is due partly to 
increased rotary inertia due to higher armature speeds and partly to my 
having dealt conservatively with the deduced curve. The remarks as to 
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the peaks on the current curve are quite wrong. The notching during 
the test runs was such as to supply the motors on the peaks with as 
much current as they could handle ; the peaksat the higher voltages were 
intentionally somewhat reduced as compared with tbe lower voltages, 
partly to keep down the maximum demand on the small power station, 
and partly to keep down the feed to the motors at the higher notches 
when the commutating voltage is less. The amplitude of such peaks is 
not merely a function of the rapidity of notching, but is a question of 
the particular speed of the armature, and therefore of the current pass- 
ing to it at the time of notching up, of the voltage increment on 
the particular notch, and of the ohmic resistance and induction of the 
circuits concerned. "There is an ammeter in the driving compartment 
of all the Heysham coaches. "The rapidity with which current falls off 
and with which notching can be done depends entirely on the accelera- 
tion and the speeds to be attained on the respective notcbes; the 
remarks already made as to the difference in total period of notching 
and generally, clearly explain both why the current comes down so 
rapidly in the second diagram, and also why no improvement due 
to more rapid notching could be effected in the first. Furthermore, it 
will also show that the controller was designed to be used in exactly the 
same way in the second figure as in the first, i.c. to the safe limit of the 
capacity of the motors in ordinary work, and that the work the motors 
were called upon to handle, so far as maximums were concerned, was 
exactly the same in both cases, the improvement in the second case 
being one of total and not of maximum. I agree with Mr. Cunliffe as 
to the advantage in consumptions to be gained by high accelerations, 
though I think it would require a very large system or a very sluggish 
demand indicator to establish as a law the equation put forward in his 
concluding paragraph. He will, however, agree, I think, that the tram- 
way conditions are rather different from mine at Hevsham, and will see 
that I took out of my motors the full possible acceleration they could be 
expected to give in continuous service. This, in fact, was the only way 
in which results could be given on a comparable basis. 

Mr. J. SAYERS (communicated) : Personally I do not think either the 
extension of electrification of railways or their profitableness when 
electrified will rest very much with the so-called efficiency of the 
system. At the time of writing the joint paper by Mr. Dalziel and 
myself my own position was that for an experiment which was made 
simply to test the conditions for main-line work high collection pressure 
was essential, and at that time there was only one system available 
which could use a high pressure delivered to the car ; but I pointed out 
even then that, owing to other troubles, if a continuous-current 
3,000-volt motor came along it would, in my opinion, sweep the field. 
The recent successes of the American 3,000-volt continuous-current 
system are, I think, the most important new facts in electric traction. 
It seems impossible in this country to get any one to consider seriously 
the enormous importance of the telegraph and telephone interference 
question, ] suppose it is because so very few people at present have 
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had any practical experience with a single-phase railway in this 
country; the adoption of continuous current as against alternating 
would very much simplify this important part of the question, especially 
so long as the Postmaster-General is allowed to insert in every Act 
mentioning electrification his present type of protective clauses. 
Between rival systems 2 or 3 per cent in power consumption is, in my 
opinion, nothing compared with difference in reliability, elasticity in 
output, and adaptability to the conditions of the older roads. 

Mr. R. LIVINGSTONE (communicated) : The author's paper deals with 
the subject in such a clear way that only very minor points are left 
for discussion. Problems such as the power required for the driving 
of trains or the operation of coal and ore winders lend themselves to 
treatment by simple mechanical methods so readily that no disagree- 
ment is found between the calculated results and the actual results, 
provided that the calculations take account of all forces which would 
influence the results to any appreciable extent. In all such problems 
the acceleration of mass is of such great importance compared with the 
frictional resistance that a small error in the estimation of friction and 
windage is of no great moment. This is especially the case where the 
time for a cycle of operations is short. In long-distance runs, however, 
the friction and windage become of greater relative importance, and 
one would expect in such cases the calculated results to be further out 
than in cases where the runs are shorter. In all cases, however, the 
accurate calculation of all resistances to be overcome should be made 
in the same way as the author has done, and I wish to support his con- 
tention that for short runs the actual results should be the same as the 
calculated. This I have found to be the case in such equipments as 
electric winders. 

Mr. PHILIP DAWSON (communicated): The author has made a com- 
parison with the South London single-phase service by imagining a 
direct-current equipment placed on the actual trains, and calculating 
the consumption fora run on the level for the average distance between 
the South London stations. We are asked to accept a figure of 59:4 
watt-hours per ton-mile for his train of 118 tons. The overall 
efficiency of the equipment for the specified run, although entirely 
omitted from the paper, can be deduced from columns 3, 10, and 13, 
as given in Table I., and on the same basis of calculation as adopted in 
the other columns, I find this to be 77 percent. Now, as a result of 
actual tests on direct-current equipments, it has been admitted (see 
Hobart, “ Electric Trains,” page 75) that where trains operate at high 
schedule speeds with frequent stops, the overall efficiency of the 
electrical equipment on the train should in actual practice, and for 
correctly driven and correctly designed trains and equipments, be of 
the order of 70 per cent. For a distance apart of stations of 1 mile, 
and at a schedule speed of 25 miles per hour, which fairly corresponds 
to the author’s run, the efficiency is specifically stated by Mr. Hobart 
to be 70 per cent. For a 3-coach train on the Lancashire and York- 
shire line the overall efficiency is said by Mr. Aspinall to be 72:6 per 
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cent. Mr. Hobart has published the results of tests made on the Great 
Northern, Piccadilly, and Brompton Railway, where the equipment 
taken by Mr. Carter is in use; the overall efficiency is stated to be 
бо per cent for schedule speeds of 17:5 miles per hour, the average 
distance between stations being about half a mile. Mr. R. T. Smith 
gives the overall efficiency for direct-current equipments on the Great 
Western and Metropolitan as 68 per cent. The efficiency will doubtless 
vary according to the conditions of the service, but judging from the 
many results of actual test runs, I am of opinion that Mr. Carter's calcu- 
lated figure of 59:4 watt-hours per ton-mile as the consumption, with an 
overall efficiency of 77 per cent for the electrical equipment, is totally 
incomparable with all other published results of tests on direct-current 
equipments, and does not represent any practical condition of working, 
even on a level line, and if the equipments, as proposed by Mr. Carter, 
were put to an actual test on the South London line, the efficiency of 
the equipment could not exceed 70 per cent; in fact, owing to the 
large number of gradients on which acceleration has to take place, I 
think that it is more probable that this figure would not be reached, 
having regard to the considerable losses in the rheostats with the 
direct-current equipment. The author gives the following figures as 
representing the calculated performances of. the direct-current equip- 
ment chosen by him on the South London line, between Clapham 
Road and East Brixton :— 


Tolal Consumption for Single-run Direct Current — 
Clapham Road to East Brixton -. 9,200 watt-hours. 
East Brixton to Clapham Road +» 6,500 е 


Now, the original South London motor was admittedly heavy for its 
output, and since its introduction, a motor has been used on the 
London, Brighton and South Coast Railway service, whose weight per 
horse-power has been so reduced, that the total electrical equipment is 
now 20 per cent lighter than the original South London equipment. 
With this later equipment the consumption for alternating-current 
working on the previous mentioned section is :— 


Clapham Road to East Brixton -.. 9,400 watt-hours. 
East Brixton to Clapham Road e. 7,560 T 


Alternating-current total ... 16,960 в 


Direct-current total ... ... 15,700 " 


The great gain with single-phase operation is, however, clearly defined 
if the total consumption at the generating station is calculated, and it 
can be shown that the direct-current system takes about 10 per cent 
more energy as units consumed from generators than with the alter- 
nating-current system. This is due to the fact that the losses which 
occur in the conversion from alternating current to direct current are 
entirely absent in the single-phase case, and that the loss in transmitting 
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the power to the trains at the converted direct-current pressure is so 
much greater in the direct-current case than in the extra-high-tension 
alternating-current system. So far as published results show, the highest 
efficiency attainable from the alternating-current busbars at the power 
station to the curcuit-breakers on the train is 81 per cent for normal 
direct.current working. About 24 per cent of this loss occurs in E.H.T. 
transmission to sub-stations, and 8 per cent from sub-stations to trains. 
The overall efficiency in the alternating-current case for the South 
London service is not less than 95 per cent. If the figures for con- 
sumption on the train are converted to power station consumption, 
using the above efficiencies to perform the double run between East 
Brixton апа Clapham Road, the consumption at the generator is :— 


Alternating-current working ... .. 17,850 watt-hours. 
Direct-current working is ... 19,400 " 
Difference  ... ae 1,550 ài 


Saving in energy consumption es Boum 
alternating-current working T 7р : 


Thus a considerable economy in alternating-current working is shown, 
even accepting the author's figures for consumption for the direct- 
current equipment, which, if the calculations are comparable with his 
previously calculated figure, cannot be considered as over-estimated, 
and are in all probability the reverse. 

Dealing now with the performance of a South London train on the 
Liverpool-Southport service, I must thank the author for again drawing 
special attention to some figures which I gave in this connection, as I 
find on checking through the calculations again and re-drawing the 
curves, that although it is not dynamically impossible to run the 
journey in the time stated, an error was made originally in the measure- 
ments of area by planimeter ; this necessitates a corresponding adjust- 
ment of my figures for energy consumption, and the latter should now 
be re-stated as 87 watt-hours per ton-mile, employing the braking 
retardation in regular use on the South London service. If, however, 
the exact schedule of the Liverpool-Southport service is repeated, the 
consumption of the train is roo watt-hours per ton-mile with the 
original South-London equipment (i.e. not with the lighter equipments 
as now in use), as compared with 96 watt-hours given by Mr. Aspinall, 
and rio watt-hours per ton-mile as calculated by the author for the 
best performance of the single-phase equipment. With regard to the 
latter estimate the author's analysis of this run actually credits the out- 
put of the motors with 2 watt-hours for every pound of train friction 
over the whole run, whereas the train friction portion of the output 
should only be taken into account to the point of cut-off; the kinetic 
energy of the train at cut-off is included separately in the output, and 
part of this energy is used in overcoming train friction for the remainder 
of the run. By the author's method this energy is therefore credited 
to the output in two places. In the curve shown in Fig. 8 of the author’s 
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paper it is true that the error under this head only amounts to about 
2 to 3 watt-hours, but the error is nevertheless there. Again, theauthor 
has swollen the figure for alternating-current consumption by taking an 
average of 14 10. per ton for train resistance. Now, Mr. Aspinall has 
stated that the resistance of a 3-coach train on the Liverpool- 
Southport service was 12 lb. per ton at 4o miles per hour; the average 
speed of the run considered is 33 miles per hour, and therefore the 
average resistance of 12 lb. per ton which I took for this service to 
allow for the proportionately greater resistance at the maximum speed 
(45 miles per hour) should be ample. The author also attacks the 
records obtained in a non-stop run from London Bridge to Victoria, 
published ina paper which I read before the Institution of Civil Engineers 
last year. The result given was not deduced theoretically, but was the 
result of a test made under ordinary conditions of working, and without 
any specially favourable circumstances. For my own part I should 
decidedly prefer to base calculations on actual records of electrical 
energy consumed, as measured by instruments at the point of 
supply and checked again by further instruments at the power 
station from which my figures were taken, than to base them on a 
pure assumption as regards train resistance, and this to be estimated 
as an average to the point of cut-off of power, a factor admittedly 
most difficult to estimate, and susceptible to a large percentage of 
error. As Mr. Aspinall has already pointed out, very few reliable 
data are available as regards train resistance with electric multiple-unit 
trains. With regard to the instruments used on this run, the one 
at the point of supply was especially calibrated and installed by the 
British Thomson-Houston Company for the purpose of the test, and 
with a range chosen for the work in hand. The recording instru- 
ments at Deptford were only used as a check, so that the author's 
assertion that I have relied on instruments which were useless for the 
purpose has no foundation in fact. 

It is true that the author refers to some tests of mine and selects 
from these for his purpose the highest resistances recorded, after 
assuming an equivalent average speed which I may say, after examina- 
tion of the speed-time records, is decidedly on the high side. He has, 
however, overlooked the fact that the tests which I made to deter- 
mine the train resistance on the South London line consisted of very 
short coasting runs at varying speeds. In this connection I should like 
to point out that Mr. Hobart, who has devoted a good deal of attention 
to this subject, and may be considered an authority, makes the 
following statement in his book on electric trains: “It appears, how- 
ever, conclusive that when over a level and well-built permanent way 
a train is run at a constant speed the train friction is very much less 
than when the train is driven at varying speeds, the mean value of 
which is numerically equal to this constant speed." The speed during 
the test run, which Mr. Carter criticizes, was fairly uniform from 
the end of the period of acceleration to the commencement of the 
period of braking, and if there is any truth in Mr. Hobart's remarks it 
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would certainly apply to this particular case. Mr. Hobart also presents 
curves of tractive resistance, and according to them the train resist- 
ance at a speed of 40 miles per hour as taken from these is about 
104 lb., and 14 lb. at 50 miles per hour. Mr. Aspinall gives a higher 
resistance for his Liverpool and Southport service, viz. 12 lb. per ton 
at 40 miles per hour. Mr. Carter chooses the abnormal figure of 16 Ib. 
per ton, and on the pure assumption of train resistance, which has 
every evidence of being considerably over-estimated, proves his case. 

Another instance of Mr. Carter's methods in analysing my figures is 
his allowance of 5 watt-hours per ton-mile as equivalent output due to 
energy dissipated in the brakes representing momentum given to train 
up to point of braking. This allowance assumes no coasting, but it is 
entirely contrary to the actual record of the run in whichactual braking 
commenced at a speed of 20 miles per hour, which reduces the 
watt-hours per mile for this purpose to 1°45. The total work done 
against resistance amounts to 24 watt-hours per ton-mile. Hence the 
dynamic output of motors = 25:45 watt-hours per ton-mile. The input 
was given in my paper before the Institution of Civil Engineers 
as — 32 watt-hours per ton-mile, which represents an efficiency for the 
run of 79 percent. For the various pre-mentioned reasons I must there- 
fore entirely disagree with his suggestion that the results I published 
represent a violation of the principles of conservation of energy. In 
the author's endeavour to elucidate the difference between alternating- 
current and direct-current working by calculating the consumption for 


‘the South London service with direct-current equipments, one half 


of the problem has been left in complete obscurity. If this be brought 
to account as shown in the above remarks, in many cases the advantage 
of single-phase working even for suburban services is conclusively 
demonstrated. This advantage was hardly expected in the early stages, 
as the system was mainly intended for long-distance lines to which the 
suburban lines were more or less incidental. The recent decision of 
the Prussian Government to electrify the whole of the Berlin Stadtbahn 
with a train frequency of forty trains per hour as a purely suburban 
line on the single-phase system shows that their railway authorities 
do not share the author's opinions. 

Mr. F. W. Carter (in reply) : In the first place I wish to point out 
that this paper has no direct connection with the controversy concern- 
ing the merits of different systems of electrification. The comparisons 
suggested in the paper will be found in every case to be between trains 
operated on the same system, and the various arguments to have no 
reference to system at all. I have in fact, both here and elsewhere,* 
endeavoured particularly to avoid raising the question of which is the 
most satisfactory system, realizing that the elementary mechanics of 
train movement were but imperfectly apprehended, and that no discussion 
comparing the various systems could be of any value unless grounded 
on sound mechanics. It appears necessary to mention this, as some 


* Minutes of Proceedings of the Institution of Civil Engineers, vol. 186, p. 126, 
1910-11. 
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contributors to the discussion have introduced extraneous matters, 
which in the interest of clearness I shall leave without comment. 

I can quite endorse all Mr. O’Brien says concerning the difficulty of 
getting reliable train-resistance results for electric trains. The coasting 
method gives results which require correction for motor and gear 
friction as well as for rotational inertia, and this somewhat militates 
against its accuracy, as the correction is in some respects indetermin- 
able. Another method, which is sometimes practicable and gives the 
train resistance directly, is to run the train with very few motors, 
and geared so that the motors operate at a fair load when the train 
is running at constant speed. There are two advantages in this: 
in the first place, steady running is very quickly reached with well- 
loaded motors; and secondly, the tractive .effort exerted can be deter- 
mined with considerable accuracy from the current taken under these 
conditions. Mr. O’Brien has explained the discrepancy that I pointed 
out in Mr. Aspinall’s presidential address, by stating that the 3-coach 
and 6-coach trains run to different schedules. I had suspected this, 
and am glad to have it confirmed. The matter is useful as showing the 
danger of such figures unless employed with full knowledge of the 
circumstances. Mr.O’Brien’s statement that 70 per cent of the electric 
train mileage is run over lines where the average distance between 
stations is only about one mile, is another instance, and a very impor- 
tant one, where fuller knowledge clears up a seeming anomaly. Many 
comparisons have been made with figures given by Mr. Aspinall and Mr. 
O'Brien, based on the assumption that the average distance between 
train stops is 1°32 miles. 

Before dealing with Mr. Dalziel's remarks, it may be advisable 
to discuss briefly the general effect of change of gear. Both Mr. 
O'Brien and Mr. Moffet have mentioned that such change has in 
practice but little effect on energy consumption for a given schedule, 
and in fact Mr. Dalziel in claiming an enormous saving is going 
contrary to a well-established tradition, which happens also to be well 
founded on experience. Inall systems of operation the period of initial 
acceleration is comparatively inefficient, and a certain saving is to 
be expected from shortening this period by the use of lower-speed 
gears. On the other hand, with such gears power must usually be 
kept on for a longer time in order to run to the schedule; and in 
extreme cases coasting will be so cut down that brakes have to be 
applied at a higher speed than when the higher-speed gear is employed. 
Moreover, the rotational inertia of the armature being increased by the 
use of lower-speed gears, the kinetic energy of the train ata given speed 
will also be increased, and with it the input. The foregoing points are 
generally understood ; but there is a further cause, which is not gene- 
rally apprehended, tending to increase the input when the gear reduc- 
tion is excessive. This arises from the fact that the high armature 
speeds incidental to the use of low-speed gears and wheels lead to 
excessive friction losses and correspondingly low efficiency between 
terminals and driving wheels. Careful tests have shown that the gear, 
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brush, and bearing friction, and the windage and vibration losses, 
increase rapidly at high speeds; and as high speed means low 
power in these motors, the friction losses as a percentage of the 
input become very great. 

Fig. 15, which gives actual results of tests of gear and friction losses 
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on 150-h.p. railway motors—results that in fact were used in deducing 
the characteristic curves of the motor in question—will serve to show 
this. On the same figure is shown dotted the corresponding curve for 
the 200-h.p. motor, whose speed and tractive-effort curves are given in 
Fig. т, and whose efficiency can be easily deduced from the input and 
putput there shown. I have given the test points of an actual case in 
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order to draw attention to the indefiniteness of the quantity with which 
we are concerned. It will be seen from these tests, however, that the 
gear and friction losses, as a percentage of the input, are comparatively 
constant from low speeds to 700 or 800 revs. per minute, after which 
they increase rapidly. 

There is no standard way of presenting the characteristic curves of 
railway motors, and the more usual practice is not to take the gear and 
friction loss from actual test, but to assume it to be a constant per- 
centage of the input. This convention has the very desirable quality 
of definiteness, whilst being sufficiently correct over the useful portion 
of the curve, and thus leading to no appreciable error in normal practice. 
It will now be seen, however, that in finding the most suitable gears 
the use of such a convention may, if high armature speeds are attained, 
lead on paper to a saving which has no counterpart in reality. There 
is usually no difficulty in determining whether the friction losses have 
been correctly included, for the rapid drop in efficiency at the high- 
speed end of the efficiency curve is a clear indication. I have little 
hesitation in stating that the efficiency curves shown in Mr. Dalziel's 
Diagram B do not include the correct friction, but are based on an 
assumed friction taken as a constant percentage of the input. They 
should be dropped considerably at the high-speed end to be in accord- 
ance with reality. I do not suggest this as the main cause of the 
difference between our results; it is merely an important secondary 
cause, which is without bearing on my general contention, and which I 
shall not take into account in the first instance. 

Returning now to Mr. Dalziel's remarks, I would point out first that 
the issue between us is not as to the correctness of a particular figure, 
but.as to whether certain two figures are comparable, for the absolute 
values of the figures obtained from any calculation depend on the 
assumptions made. In the following I intend to adopt all Mr. Dalziel's 
assumptions ; and though I do not happen to have checked his calcu- 
lated result, if I had done so it would not have proved his case, unless 
the application of precisely the same calculation with the same 
assumptions to the run with high-speed gears had led to his test result, 
for only then could the assumptions be regarded as justified for the 
purpose of calculation. My sole contention is that the difference 
between the figures given by Mr. Dalziel for energy consumption with 
the two gears is excessive,* and not that a particular figure is 
incorrect. 

Mr. Dalziel's contention that our disagreement is due to an error in 
my assumed voltage will not bear investigation, since the voltage affects 

* Mr. Dalziel seems to suggest in a footnote that his calculated curve was 
intended not only to allow for change of gear but alsoto eliminate abnormal features 
of his system, and particularly the vagaries of an inadequate power station. The foot- 
note refers to a paragraph which states that he has excluded from his comparison all 
considerations other than those of gear ratio. This is precisely the basis on which my 
comparison has been made, and it is clearly also the basis of Mr. Dalziel's computed 
curves. I do not consider the matter of any importance from a technical point 


of view, however, as I fail to see how the power station can have much effect on the 
matter at issue, the variation of efficiency with voltage being small, 
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both runs alike. I may point out that there was never any misappre- 
hension on my part as to the voltage used in his tests, which is shown 
ona number of his own curves,* and mentioned by me in a footnote ; | 
and furthermore that his contention amounts to a claim of consistency 
for the following table :— 


Dalziel Carter 


Watt-hours per ton mile (L.T.). (at 340 volts). | (at 320 volts). 


With 88/30 gear, 434-in. wheels... is 92:8 91'S 


With 37 gear, 40-in. wheels ... aise 775 88-8 


Difference 


I am not acquainted with any reliable method for deducing one 
train characteristic from another. It is true that if the train resistance 
were zero, or would conveniently vary in a way that it certainly does 
not, it would be easy to deduce a train characteristic for a different 
gear by reducing the speed in the ratio of gear reduction (1:37 to 1 in 
the present instance), and reducing the time in the square of this ratio, 
suitably corrected for change in effective weight (1°85 to 1 in present 
instance), but I do not think this method will assist us here, and it any- 
how could not have led to Mr. Dalziel's result, as it would have 
given instead too high a figure for energy consumption. 

The information, however, that Mr. Dalziel has kindly furnished, 
and particularly that given in Diagrams A and B, provides all the 
material necessary to explain our difference. In Fig. r3 he has given a 
table showing how his computed curve was arrived at. I have nothing 
whatever to say against this calculation, which I shall adopt in its 
entirety as the basis of my own. There is, however, one particular in 
which the information supplied by Mr. Dalziel is deficient. He gives 
everything required to determine the output of his motor, but no proper 
connection between output and input, for he gives no efficiency curve 
corresponding to running conditions. However, since the motor losses 
are not sensibly affected by changes in auxiliary apparatus it is possible 
to determine an inferior limit of input. The characteristic curves of the 
motor show a maximum efficiency at 285 volts of 814 per cent, and at 
320 volts of 824 per cent (Diagram B). If, therefore, I assume a 
maximum efficiency of 84 per cent under conditions of actual running, . 
I may justly claim to have adopted a higher figure than is likely to be 
realized in service. If, further, I assume the same efficiency of 84 per 
cent, not only as a maximum, but throughout the whole range of 


* Minutes of Proceedings of the Institution of Civil Engineers, vol. 179, Plate 4, Figs. 
21 to 30, 1909—10. 
+ Ibid., vol. 179, p 200, 1909-10. 
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speed-curve running, I may claim to have favoured the calculation 
very considerably in the matter of input, particularly as the armature 
speed reaches 1,280 revs. per minute with the low-speed gear ; 
and, as I shall show, I should be quite justified in dropping the 
efficiency to the neighbourhood of 75 per cent at this speed. Con- 
cerning the input during acceleration, I find the mean power during 
the first 23 seconds of Fig. 11, or the first 12°5 seconds of Fig. 12, to be 
130 kw., and I am willing to adopt this figure from Mr. Dalziel in 
order to reduce the points at issue. I shall, of course, adopt the same 
rates of coasting and braking retardation as shown in Mr. Dalziel's 
curves. Table A then merely completes Mr. Dalziel's calculation, the 
mean power being derived by converting the product of the mean 
speed and mean tractive effort into kilowatt input at 84 per cent 
efficiency. 

Fig. 16, curves A and C, shows these results. It will be seen that 
whilst my speed curve A agrees with the corresponding curve of 


FiG. 16. 


Curve A, Speed with 3:7 gear and 40-in. wheels. 
» С, Power with 377 gear and 40-in. wheels. 
» В, Speed with 88:30 gear and 434-in. wheels. 
» D, Power with 88:30 gear and 434-іп. wheels. 


Mr. Dalziel's Fig. 12, my power curve C, although purposely calculated 
too low, is generally higher than Mr. Dalziel's. The energy input for 
the run is certainly greater than 2'12 kilowatt-hours, or 82:5 watt-hours 
per ton-mile (L.T.) although the corresponding figure given by 
Mr. Dalziel is only 775 watt-hours per ton-mile. Since Mr. Dalziel 
and I are quite agreed as to the speed-time curve it should not be 
difficult to discover the source of our difference in energy consumption. 
The following Table (B) shows that part at least is due to Mr. Dalziel 
not having allowed enough energy for the work that has to be done, 
and in fact that his motor efficiency actually rises greatly at the high- 
speed end of the curve. 

It should be particularly noted that I have not supplied a single 
figure of the data which leads to the efficiency given on the sixth line 
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TABLE B. 
Mean current, Fig. 13... sue sa 800°0 650:00 550°0 450°0 | 387°50 | 362°50 
Mean speed, Fig. 13 ... E^ e. 207 23'95 275 32'5 3675 39°75 
Mean tractive effort, Fig. 13 ... у | 4,650°0 | 3,500°00 | 2,750°O | 2,000°0 | 1,500'00 | I,300°00 
Power output, in kw.... T ho I91'0 167-00 150'0 120°0 | I10°00 | 10300 
Power input, Fig. 12, in kw. ae 230°0 209'00 185°0 146°0 | 123°00 | 11300 


Mr. Dalziel's motor efficiency from 
input and output : : ў 


831 80°00 8r2 88:5 89°50 9t20 
Efficiency assumed in Table A  .. 840 84°00 840 84:0 84°c0 84°00 
Suggested reasonable efficiency ... 830 83°00 82°5 80°5 77°CO 75:50 


of the above Table—all аге Мг. Dalziel’s. It will be seen, however, 
that as soon as the point is passed where Mr. Dalziel can compare the 
computed curve of Fig. 12 with the test curve of Fig. 11, the implied 
motor efficiency immediately rises unreasonably ; and, as will be seen 
from Table A, more than one-half of the energy is put into the motors 
in this region, whilst nearly one-half of the remainder is put in during 
the acceleration period, and is not in dispute. It is not a mere mistake 
in plotting the curves that is responsible for this result, for the error is 
in the wrong direction. The area of Mr. Dalziel’s calculated power 
curve of Fig. 12, excluding commutating transformers, represents 
2,045 watt-hours, ог 79:5 watt-hours per ton-mile: this cannot be 
brought to 77°5 watt-hours per ton-mile by increasing the ordinates.* 


* Mr. Dalziel, whose attention has been drawn to the matter, makes the follow- 
ing comments, which he wishes to have recorded :— 

“1 agree that my efficiencies per Table B are too high, and that the watt curve of 
my calculated diagram is too low. For this the explanation is that while in the 
Inst.C.E. curves for the work the watt curve there shown is about right, the train 
resistance work was only approximated, and is shown too low ; while in Diagram A 
the proper train resistance work or rather more is shown, but, due to an error in 
checking, the watt curve practically follows the Inst.C.E. one. In the latter, train 
resistance was averaged as 12 lb. per ton throughout characteristic running, a figure 
too low for the total train resistance work in view of the long-distance run at high 
speed. While in Fig. 13 this was corrected, an error in the kilowatt curve was 
made, in that in reading off the kilowatts from the current inputs the fact that the 
voltage rose over 340 at the high loads was not allowed for." 

“ As regards correct efficiency figures, the test-bed results of the motors showed 
the efficiency of the machines to be well over the calculated figures in the diagrams ; 
without gear on 340 volts an efficiency of 88 to go per cent is shown over a wide 
range. The gear in use is particularly good, showing practically no wear to this day, 
and the loss with it certainly does not exceed 2 to 3 per cent. It should also be 
noted that, compared with Diagram B, the power factor actually obtained on low 
currents is high, this partly accounting for increased efficiency ; also, as already 
mentioned, the effect of voltage variation during running is to make the efficiency on 
the heavier currents low, and on the smaller currents high." 

“ А figure for efficiency cn 340 to 355 volts that is reasonable and correct, and in 
accordance with the result of the various tests on which the redrawn characteristics 
are based, is 86 per cent, including gear losses, at the highest point of the efficiency 
curve; and this is well maintained. Redrawing the watt curve on this basis а 
consumption of 80 watt-hours per ton-mile low tension, and 864 watt-hours high 
tension, is shown ; figures not materially different from those originally put forward." 

“The efficiency I have used at the higher speeds is less than the figure quoted 
above ; but on account of the maintenance of input I cannot agree that the rise in 
the percentage of these losses is so considerable as Mr. Carter suggests.” 
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The efficiency figures I should be disposed to adopt for this motor, 
on the evidence presented and my own experience of these matters, 
are somewhat as shown in the last line of Table B. These, which are 
offered as representative figures for average service, and not as the 
artificially favourable figures of the test bed, were obtained in the 
following manner :— 

Starting with the efficiency curves of Mr. Dalziel's Diagram B, 
which are doubtless derived from tests by Messrs. Siemens, and are 
quite as high as they would be prepared to endorse assuming the 
motors hot, I have taken the slightly higher figure of 83 per cent 
(to make some allowance for tbe higher voltage) over the portion 
of the curve that comes into normal use, and I have lowered the 
high-speed end, which Mr. Dalziel purposes to use, in general accord- 
ance with Fig. 15. This does not mean that the same allowance is 
made for gear and friction loss as is shown on that figure, for the 
variation of power is much smaller in the single-phase than in the 
continuous-current motor.* Consider, for instance, the highest speed 
shown on Fig. 15: the GE 69 motor has about 18 per cent loss, and 
the GE 76 motor about 24 per cent. I have chosen the higher figure, 
Since the motor to which our calculation is applied has greater com- 
mutator and armature diameters, and much greater brush surface than 
either of those of Fig. 15 ; moreover, the figure of 24 per cent is taken 
from a somewhat optimistically drawn curve, and my intention is here 
to obtain a representative figure to correspond with service conditions. 
Now of the 24 per cent something like 6 per cent is gear loss at this 
speed; and this remains 6 per cent if more power is transmitted 
through the gear. As, however, the single-phase motor has nearly 
three times the output of the others at this speed, the remaining 18 per 
cent has been divided by 3, giving a total gear and friction loss of 
about 12 per cent at this speed, and similarly with other ѕреейѕ.| 
Using this efficiency curve instead of a uniform 84 per cent in 
Table A, the energy consumption becomes 2:23 kilowatt-hours, or 
86:6 watt-hours per ton-mile (L.T.). 

We have, however, still to determine the figure with which it is 
appropriate to compare the result of our calculations. In order to do 
so we should compute the test run, using exactly the same assumptions 
as were adopted in our calculated run, except in so far as change of 


* Mr. Daiziel in the reply to his Inst.C. E. paper (Minutes of Proceedings of the Institu- 
tion of Civil Engineers, vol. 179, p. 226, 1909-10) attributed to me the opinion that the 
single-phase motor lacked overload capacity. As I never held any such view I 
surmise that he merely misread my remark (S'ournal of the Institution of Electrical 
Engineers, vol. 36, p. 253, 1906) that the range of power is smaller in the single-phase 
than in the continuous-current motor ; a simple statement of a general characteristic. 

t It would seem probable that my efficiency curve is even now too high to 
represent the conditions under which Mr. Dalziel's test runs were made. For 
in the first place the figures given as Mr. Dalziel's efficiencies in the first three 
columns of Table B, which should correspond with these service tests, are generally 
lower than I have assumed. And secondly, the use of these efficiencies in Table C 
below gives the result 89 watt-hours per ton-mile against 92:8 obtained by test. 
This, however, does not affect the comparison between the two runs with which 
alone we are concerned. 
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Mr. Carter. gear affects them. This has been done in Table C, the curves being 
plotted in Fig. 16, curves B and D. 
The energy consumption per motor is now 2°26 kilowatt-hours, or 
88 watt-hours per ton-mile (L.T.). Assuming, therefore, that it were 
practicable to give energy to the train at 84 per cent efficiency 
between the motor terminals and the driving wheels at all speeds 
and loads, the comparable figures for the high- and low-speed gears 
would be 88 and 82:5 watt-hours per ton-mile (L.T.) respectively, a 
difference of 5'5 watt-hours per ton-mile instead of 15:3 claimed by 
Mr. Dalziel. If the more representative motor efficiencies shown at 
the foot of Table B be assumed, the comparable figures become 89 
and 86:6 watt-hours per ton-mile (L.T.) respectively, a difference of 
only 2'4 watt-hours per ton-mile instead of 15:3. But even this figure 
is excessive, for the following reasons : The relation between current 
and speed is the result of direct test, and can be relied upon. The 
tractive-effort curve is derived in accordance with the efficiency. If, 
in order to take account of new factors, it becomes necessary to lower 
the efficiency curve, the tractive-effort curve must be lowered in the 
same proportion, the speed being unaffected. The tractive efforts 
given towards the end of Mr. Dalziel's Fig. 13 and my Table A are 
too large, so that the increments of time there given are too small. 
The correct speed-time curve would drop below that shown in Fig. 12, 
and it would be necessary to keep power on for a longer time in order 
to run to the schedule. This would materially increase the energy 
consumption with low-speed gears. Moreover, since the rotational 
inertia of, the armature is increased by 88 per cent by the change 
of gear, I would estimate the increase to be nearer 3 per cent of the 
train weight than the 1*9 per cent allowed by Mr. Dalziel, which would 
still further increase the computed energy consumption of Table A. 
Altogether this closer analysis indicates that my original estimate of 
277 watt-hours per ton-mile as the saving resulting from the change 
of gear is excessive. If we were possessed of full information as to 
the service characteristics of the motor, I think we should find no 
appreciable saving in energy consumption resulting from the change 
of gear. I am, in fact, disposed to think that the low-speed gears 
would be found, if anything, a little the less efficient, as they would 
certainly be the less desirable from the point of view of up-keep of 
motors. I have gone into the matter at some length in order to place 
it entirely beyond dispute, and I hope it is now clear to Mr. Dalziel 
that I have said nothing in this connection that is not fully justified. 
Mr. Cunliffe makes a contribution to the subject of mechanics 
which is worthy of note, but there is one statement which I fear is 
not universally true. This is that “large changes in =F (due to 
changes in gear) must produce still larger proportional changes in 
acceleration." In railway work (as distinguished from tramway) F' 
is small compared with ZF during the acceleration period, and the 
change in K, due to change of gear, which tends to reduce the change 
in acceleration, may easily preponderate and cause the opposite to 
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Mr. Cunliffe’s statement to be true during the initial acceleration. 
Mr. Cunliffe will readily sce that the acceleration will vary with change 
of gear faster or slower than =F, according as— 
> ig < K, Lo. j* 
>2>Е—Е 

Mr. Moffet has pointed out one or two things in the paper which 
I am bound to admit were not as clearly put as they might have been. 
With regard to the question of the effect of grades, I may mention 
that only 23 miles out of 9 miles in the example dealt with is on a 
continuous gradient, whilst the figure of 6 per cent applies to the 
whole 9 miles. I have considered the whole distance involved because 
all trains were scheduled to run the whole distance, but of course 
a service involving the first 24 miles of the line only is quite con- 
ceivable ; and in this case the effect of the gradient would doubtless 
be to increase the energy consumption by 15 or 20 per cent over that 
corresponding to level track. My statement that the average effect 
of gradients is generally small should therefore be taken as applying 
to normal lines, but not necessarily to abnormal lines. The scheduled 
speed on the down-gradient would be greater than that on the level, 
which would again be greater than on the up-gradient. Such 
differences due to gradients would be revealed by a study of most 
Suburban time-tables. It is, however, a matter of judgment how 
much these spceds shall be allowed to differ, and to this extent the 
effect of gradients is indefinite. With regard to my statement on 
page 450, to which Mr. Moffet is inclined to take exception, I am 
doubtful whether he quite grasps all the circumstances of the problem. 
It is quite true that if we consider a certain train running a certain 
distance we do introduce more coasting and reduce the energy 
consumption by cutting off power earlier, but we also take longer 
time for the given distance, and therefore run at lower speed. This, 
I believe, is all that is to be understood from the statement that 
introducing more coasting reduces the energy consumption. If, 
however, the time of the run is specified, and we change the gear 
so as to introduce more coasting without change of average speed, 
it is not at all necessary that the energy consumption should be 
reduced, for in most cases it would be slightly increased. In the 
particular case of curve C, Fig. 8, there is no coasting whatever, and 
the time is already in excess of the allowable time. Until we come 
down to the proper time, therefore, we do not begin to introduce 
coasting, and the higher speed gear in this case certainly implies 
greater energy consumption. I cannot give any rule of universal 
application for finding the most economical gear. In general, it is 
the lowest speed gear capable of performing the service with sufficient 
margin, but if Mr. Moffet will refer to the general remarks on the 
effect of change of gear in my reply to Mr. Dalziel he will see that 
any rule must be applied with caution, and I would generally recom- 
mend keeping a little on the high-speed side of what seems to be 
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the most economical gear. However, it is perfectly true that within 
appropriate and fairly wide limits the gear ratio makes little difference 
to the energy consumption, and other considerations, particularly those 
of mechanical suitability, come into the determination of the most 
satisfactory gear. А 

Mr. Lydall appears to have misapprehended the object of the paper ; 
he has, however, indicated the proper method for a railway company 
to pursue in order to arrive at a satisfactory comparison between the 
systems, £.e. to obtain from firms of repute tenders and guarantees of 
running costs for a definite service of considerable magnitude for 
electrification on the various systems. This has recently been done 
by the Commissioners of the Victorian Railways, who have in contem- 
plation a very large electrification scheme in the neighbourhood of 
Melbourne. In this case there is no existing electrification or other 
circumstance to give initial advantage to either system ; and as full 
tenders and guarantees have been invited from all the chief manufac- 
turers of the world, the conclusions arrived at cannot fail to carry 
weight with other railway authorities. Mention may also be made of 
the Pennsylvania Railroad, the management of which undertook an 
elaborate and expensive series of comparative tests of the two systems 
before deciding which to adopt for their New York terminal service. As 
far as I am aware these are the only two cases of railway electrification 
in which a proper comparison between the two systems has been 
undertaken. 

The Chairman has raised several matters of considerable interest 
and importance. By the statement on page 437, to which he draws 
attention, is implied that in general for most of the time that 
power is on the accelerating force is considerably greater than 
that required to overcome train resistance ; so much so that the 
uncertainty in the latter is almost negligible. This is sufficiently true 
for suburban service, but becomes less and less true as the distance 
between stops becomes greater. The passenger load of 8:5 tons 
mentioned on page 439 is an average load ; the full-seated load would be 
about 12 tons. The coaches in this case are somewhat unnecessarily 
heavy, for after the needs of strength and stiffness have been met the 
most desirable quality in coaches for suburban service is lightness. 
The figures italicized in Table I are so distinguished as being discarded 
in the final calculation, leading in fact to the points shown on the 
dotted extensions of the curves of Fig. 3. I should probably have 
done well to have marked my various curves for the benefit of those 
less familiar with the subject, but I would say that Mr. Cramp's inter- 
pretation of Figs. 4 and 5 is quite correct. The cross-line isa distance 
curve to be read in connection with the scale on the right-hand side ; 
it is introduced here particularly to enable the times to be found at 
which gradient changes take place, so that their effect on the speed 
and power can be seen. 

I quite agree with what Mr. Sayers says; there have been far too 
many comparisons made between things that are in no way compar- 
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able. Probably the reason that so few realize the enormous importance Mr. Carter. 
of the telegraph and telephone interference question is that given by 

Mr. Sayers—that few have had practical experience with single-phase 

railways. 

Mr. Livingstone's contribution deals from a slightly different point 
of view with a matter touched upon by Mr. Cramp, and calls attention 
to a limitation in the way of accurate calculation. He remarks, very 
truly, that it is in the case of the comparatively short runs of suburban 
service that the calculated results are reliable; for in the case of long 
runs the inherent uncertainty of train resistance introduces a corre- 
sponding uncertainty in the calculated result. In this connection it 
may be of interest to point out a difference between calculations for 
the continuous-current and single-phase systems of operation, due to 
the difference between the characteristics of the motors involved. As 
I have pointed out in the footnote on page 482, the single-phase motor 
has a smaller practicable range of power on the speed curve than the 
continuous-current motor, as can be.seen from a casual inspection of 
train characteristics. Figs.4 and 5,for instance, show more than 3 to 1 
range in the power curve, while Fig. 7, which it may be noted is not a 
practicable case, and which is abnormal in this respect, shows only 
about 2 to 1 range of power. If there is uncertainty in train resistance, 
the calculation will be affected by uncertainty in speed and power. If 
we were considering a constant-speed motor, like the induction motor, 
the whole uncertainty would be in the power. In considering the 
continuous-current and single-phase systems, however, the latter is 
affected more in speed and less in power than the former, due to this 
difference in motor characteristics. For instance, if the assumed train 
resistance is 10 per cent out, the effect may be to throw the free 
running speed out by 4 per cent, and the corresponding power out by 
6 per cent in the continuous-current system, whilst in the single-phase 
system the speed may be thrown out by 6 per cent and the power by 
4per cent. These figures are chosen merely to illustrate a tendency, 
and there is no suggestion that they correspond with the facts of any 
particular case. 

Mr. Dawson in the first paragraph of his communication confuses 
two uses of the word “efficiency.” He finds the energy output in my 
Table I to be 77 per cent of the input. This is the true efficiency of 
the equipment, and there is nothing abnormal about it. Approximately 
one-third of the energy is supplied during the acceleration period, at 
an average efficiency of about 57 per cent, and two-thirds during speed- 
curve running at an average efficiency of about 88 per cent. If it were 
practicable to measure the output of the equipments in the instances 
given by Mr. Dawson, efficiencies between 75 per cent and 80 per cent 
would be found in every case. But it is not practicable, and it is 
therefore impracticable to determine the efficiency in actual service. 
The so-called efficiencies cited by Mr. Dawson are merely ratios of 
computed outputs to observed inputs. The output is usually computed 
by the method mentioned on page 450 of the paper. The inputis usually 


Mr. Carter. 


488 CARTER: THE MECHANICS OF (16th April, 


obtained from readings of sub-station instruments on the outgoing 
lines, divided by the ton-mileage scheduled—the tonnage being that of 
empty trains, as it is impracticable to determine the load. The result is 
a false efficiency, having no particular relation to the figure with which 
Mr. Dawson has identified it, though from some points of view of more 
value than the true efficiency. In my case, for instance, the output is 
45'5 watt-hours per ton-mile, and the input being 59:4 watt-hours per 
ton-mile, the efficiency is 767 per cent. If, however, I had reckoned 
my input on the tonnage of empty trains it would have appeared as 
64 watt-hours per ton-mile, and the efficiency would have seemed 
71 per cent; whilst if allowance were made for grades, curves, 
adventitious stoppages, unscheduled operation, and other circumstances 
of actual service, the efficiency would have appeared yet lower, though 
still of the order of 77 per cent in reality. Mr. Dawson's difficulty is 
therefore easily explained, and the deductions he has drawn from his 
supposed discovery are clearly based on a fallacy. 

Dealing now with the extract from Mr. Dawson's recent paper given 
on page 448, I see nothing in his comment to alter my view that this is a 
particularly good example of unsound mechanics. He remarks casually 
that it is not dynamically impossible to run the journey in the time 
stated. On this point I would say that the treatment given in the paper, 
rough as it is, amounts toa proof of the dynamical impossibility alleged, 
based entirely on Mr. Dawson's record of the performance of his trains, 
a record too which is consistent with every other record that he has 
presented. He can therefore hardly maintain his present contention 
without destroying the credit of the whole of his data. He, however, 
now admits errors in his curves and calculations, and as the result 
of his reconsideration of the matter states that the figure to be com- 
pared with Mr. Aspinall's 96 watt-hours per ton-mile—the very figure, 
that is to say, that we are discussing—should have been тоо watt- 
hours per ton-mile, an advance of 40 per cent on his original estimate 
of 71 watt-hours per ton-mile. The error that Mr. Dawson alleges in 
my calculation is no error, but an intentional omission of a complica- 
tion whose effect is inconsiderable compared with the unavoidable 
uncertainties of the method employed. 

With regard to the non-stop run between Victoria and London 
Bridge Stations, mentioned on p. 452, Mr. Dawson's explanations and 
amendments do not even render his test result physically possible, 
as I shall show after dealing briefly with some of the argu- 
ments by which he seeks to justify it. The quotation he gives from Mr. 
Hobart's * Electric Trains" indicates that he agrees with Mr. Hobart 
and myself that the mean train resistance is greater than the train 
resistance at mean speed. As this is capable of very simple but rigid 
mathematical proof,* however, it is hardly a matter of opinion. In the 

* Starting with tlie curve between train resistance and speed, let the tangent be 
drawn at the point corresponding to the mean speed V, the train resistance at this 
point being F. Let the ordinate at the point on the tangent corresponding to train 


speed V + v be F + av, a being the slope of the tangent, which is essentially positive 
since train resistance increases with speed. Let the ordinate of the point on the 
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present instance the mean speed is 37 miles per hour, whilst the 
variation is between o and 50 miles per hour. Accordingly the mean 
train resistance is demonstrably greater than that at 37 miles per hour. 
But Aspinall’s, and Hobart's, as well as his own train resistance results, 
are for straight and level track, whilst he particularly insists upon the 
exceptional difficulties of his route, due to curves and gradients, which, 
as is pointed out, impose speed restrictions. Difficulty is represented 
by energy consumption ; if he reduces speed once only in the course 
of the run from 40 miles per hour to 30 miles per hour he throws away 
energy represegting more than 2 watt-hours per ton-mile, or adds 
effectively more than І lb. per ton to the train resistance, besides 
necessitating increase of speed, and therefore increase of train 
resistance elsewhere. Curves also add to the train resistance even 
when they impose no speed restriction. Mr. Dawson therefore 
implicitly bids me reject his repeated asseverations concerning the 
exceptional difficulty of his route, and to treat it as straight and 
level track. I do not consider 16 ib. per ton too high for the average 
effective train resistance in this run. 

With regard to the energy dissipated in braking, if Mr. Dawson 
will think this matter over he will see that it has but small effect 
on such an estimate of energy consumption as I have made. It is 
true that if I apply brakes at 40 miles per hour I dissipate 6 watt-hours 
per ton-mile in them, whilst if I coast to 20 miles per hour before 
applying brakes I dissipate only r:5 watt-hours per ton-mile ; but 
in the latter case I am introducing two or three miles of running at 
an average speed of about 30 miles per hour, necessitating greater 
speed elsewhere, and the increase in effective train resistance due 
to this variation practically compensates for the saving in braking 
energy. Any difference between us on this point is allowed for in 
my assumed train resistance. It will be noted that the prevailing 
gradient on which coasting takes place is downward, so that Mr. 
Dawson cannot have kept power on much beyond Peckham Rye if 
he braked from 20 miles per hour. It is true that Mr. Dawson claims + 


train resistance curve corresponding to speed V+ v be F + ат + / ; then f, which is 
zero when v = o, is elsewhere always positive, since the curve lies above the tangent 
whether the speed be above or below the mean speed. The work done against train 
resistance in the total time T to which the mean applies is— 


T T T 

| (F+av+ f) (V +v)dt=FVT + af "+ SN +20) dt, 
о о 

зіпсе— 

T 

ET = О. 


о 


Негє the several integrals аге taken over the speed-time curve of the train for the 
interval of time T. The quantities a, 12, f and V + v each being positive at all 
times, it follows that the work done against train resistance exceeds that which would 
have been done had the speed remained at its mean value V, by the positive amount— 


T T 
af vidt + | (V+) da. 
о о 
and thus the mean train resistance is necessarily greater than the train resistance at 


mean speed V. T Page 473. 
VoL. 50. 82 
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that his speed was fairly uniform from the end of the period of accelera- 
tion to the commencement of the period of braking ; but as the average 
speed between these periods exceeds 37 miles per hour, and according 
to Mr. Dawson reached a maximum of 50 miles per hour, whilst the 
speed at the commencement of braking is alleged to have been 20 
miles per hour, it is difficult to see how he managed to effect it. I am 
afraid Mr. Dawson wants the advantage of uniform speed in estimating 
the mean train resistance, and of low braking speed in estimating the 
energy dissipated in braking. I considered all these matters fully 
before raising the issue, and am satisfied that the estimate of energy 
output given in the paper is as near correct as the occasion requires ; 
for it would not affect my argument if my estimate were 10 per cént or 
so in error. I now purpose examining the result of admitting all Mr. 
Dawson's amendments to my figures, and to show that his alleged 
performance is still impossible. Mr. Dawson wishes the mean effec- 
tive train resistance for his run on this particularly difficult route 
to be taken at 12 lb. per ton, and brakes to be applied at 20 miles per 
hour. This gives him an output of 25:45 watt-hours per ton-mile, and 
(the corresponding input being 32 watt-hours per ton-mile) an average 
efficiency * between distributing cabin and driving wheel of 79°5 
per cent. 

The efficiency in question is a combination of trolley line, trans- 
former, and motor efficiency. 

The following Table gives a few efficiencies, and the times for which 
they are effective, taken entirely from Mr. Dawson's records :— 


Time. Speed. Efficiency. Remarks. 


— —— ——— a —_—_—__———— 


| 
| 20 seconds 1 o-21 m.p.h.t 68961 Acceleration period 
IO seconds + | 21-29 m.p.h.1 82% to 78%§ | Motors only || 
зо seconds] | 22-40 m.p.h.] |78% to 689$ | Motors only 
Say 5 minutes | Say 35-50 m.p.h. |73% to 65%§ | Motors only 


The main transformers are said to have an efficiency of 97 per cent 
at full load.T It is not necessary for me to suggest a figure for the 


* Asthe figure of 32 watt-hours per ton-mile is based on the weight of the empty 
train (138 tons), whilst the output is based on the train as actually loaded in the run, 
the actual efficiency claimed is really somewhat higher than 79:5 per cent. See above, 
page 488. 

+ Minutes of Proceedings of the Institution of Civil Engineers, vol. 186, Plate 4, 
Fig. 28, 1910-11 : 

t Ibid., vol. 186, p. 34, 1910-11. 

§ Ibid., vol. 186, Plate 4, Fig. 27, 1910-11. 

|| That the transformer efficiency is not allowed for in the motor curves is clear 
from Mr. Dawson's statement concerning these curves, that a motor current of 
210 amperes at 450 volts is equivalent to 15°8 amperes at 6,000 volts, the power factor 
being 29 per cent (Ibid., vol. 186, pp. 18 and 27, 1910-11). 

€; Ibid., vol. 186, p. 28, I9Io-11. 
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mean efficiency between distributing cabin and driving wheel, but 
seeing that the efficiency of the motor alone does not exceed 79:5 per 
cent for more than ro seconds out of the whole 8 or ro minutes that 
power is on, and that the combined efficiency of motor and main trans- 
former hardly reaches the figure of 79°5 per cent at any time, whilst 
for the remainder of the time that power is on the motor efficiency 
alone is of the order shown in the above Table, I cansay definitely that 
the average combined efficiency of motor, transformer, and trolley line 
is very far below 79:5 per cent. Mr. Dawson will have to modify his 
estimate of output a great deal before he can claim that his result is 
other than a violation of the principle of conservation of energy. 


Mr. Carter. 
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THE CHANGE OF ENERGY LOSS WITH SPEED 
ІМ CONTINUOUS-CURRENT MACHINES. 


By Professor W. M. THORNTON, D.Sc., D.Eng., Member. 


(Paper first received 28th October, and in final form 20th December, 1912 ; read 
before the NEWCASTLE LOCAL SECTION 11th November, 1912.) 


The efficiency of the large turbo-generators now coming into use is 
dificult to determine experimentally by direct measurement, and, 
except in split-unit sets, the Hopkinson method cannot well be applied. 
It is therefore necessary in developing a new design to have some 
rule, based on previous tests, which can be extended to the new case. 
Certain losses, from copper heating, or windage and friction taken 
together, can be readily found, and manufacturers have each their own 
special formula dealing with iron loss as a whole. All losses, even to 
some extent copper heating, vary with speed, and it is one of the 
objects of the constructor to deduce from experimental tests an 
expression for loss covering the whole range of size and speed. "This is 
at present difficult on account of the rapid increase in dimensions ; but 
to establish any general rule it is first necessary to have accurate 
measurements at certain typical speeds and sizes. During the last few 
years a number of very careful measurements, especially on iron loss, 
have been made on small machines, but there are not yet sufficient to 
establish without question the power index of iron loss with regard to 
speed, or the coefficients for any given type. 

The present paper deals with measurements for the purpose of 
examining the dependence of loss on speed, made upon a 74-h.p. 
Westinghouse continuous-current 4-pole motor, running at a normal 
speed of 1,500 revs. per minute. The windage tests are novel in that 
they were made by running the machine in air and in vacuo. 

A large cast-iron tank, specially made for the tests and capable of 
exhaustion to a pressure of a few millimetres of mercury, was fitted to 
contain the tested machine. The latter was driven from an external. 
motor by a {-іп. steel shaft passing through a stuffing-box. The efficiency 
of the motor at the power and speed used was determined with great 
accuracy, and the power supplied to it during the tests measured by 
standard instruments. After each change in speed four to five hours 
were allowed to elapse before taking a reading, in order that bearing 
temperatures might become steady and that the temperature of the 
driving motor might also adjust itself to the change of load upon it. It 
was found that the power taken rose and then fell slowly after every 
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increase of speed, and, whether the speed was raised or lowered, did 
not in any case become steady under three hours. 

The windage measurements were made by Mr. G. T. Williams, 
M.Sc., and those following by Mr. B. J. M. Lane, B.Sc., two skilled 
observers, to whom the writer is indebted for analyses of their observa- 
tions, which are embodied in the following remarks. It was originally 
intended to find the windage loss in different vacua in order to bring 
out more clearly the cause of the various terms in the expression for 
windage, and to repeat the iron loss tests using a shaft dynamometer 
method ; but other interests have arisen and the present results can only 
be regarded as preliminary, and as giving suggestions for further work. 

The loss caused by bearing friction and windage together is most 
usually taken to obey a law of the form, watts = a п", where x has been 
found to be nearly r'5, n being the rate of revolution. Neither of the 
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Fic. 1.—Change of Law of Bearing Friction with Speed. 


components, however, obeys a simple law. At high velocities Arnold, 
summarizing the researches of Beauchamp Tower, Dettmar, Stribeck, 
and Heimann, gives for bearing friction at temperatures between 40° 
and roo? C. the relation*— 


K 
У =98 т ld, 


in which v is the velocity of rubbing in metres рег second, / the length 
and d the diameter of the bearing in centimetres, T the temperature in 
degrees Centigrade, and K a coefficient, numerically about 2, depending 
on the oil. Values for K are given by Dettmar, but they include wind- 
age loss with bearing friction, and therefore vary with the type of 
motor as well as with the bearing conditions. At lower velocities, from 
O'S to 4:0 m. a second, and over the same range of temperature— 


= 9'8 К 1а "s, 


There is, therefore, a period of transition, as in Fig. 1, from one law 
to the other, possibly depending on a change from the predominance 
* Die Gleichstrommaschine, vol. 1, p. 676. 
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of rolling to that of sliding friction in the oil. If the temperature 
remains constant during a trial there must still be a point of flexure in 
any curve of loss and speed corresponding to entrance on this region. 

The power required to drive air through a large machine is not 
negligible. All that design can do is to remove the loss by wind eddies, 
where these have no cooling influence, and to direct the air to where it 
can be most usefully applied as a cooling agent. 

The laws of gaseous eddies would lead to an expression in which the 
resistance to movement varies as the square of the velocity, or the 
power as its cube, and all windage loss is generally taken to follow this 
law. There is, however, in the present experiments evidence of loss 
corresponding to a lower index. 


THE WINDAGE INDEX. 


To run the motor enclosed in the vacuum chamber electrically would 
have had the following objections. There would necessarily have been 


heating of the field coils, and without any convective influence of the air 
the temperature of these would certainly be higher than under normal 
conditions in air, The influence of removing the air on field coil tem- 
perature was examined by Mr. G. T. Williams,* and his interesting 
result, that exactly one-half the field heat is removed by the direct 
action of the air, seems to have escaped general notice. There would 
also be the iron loss to be removed when running іл vacuo, and since all 
the heat from field or armature could only be conducted away through 
the solid metal of the machine, the bearing temperature would not be the 
same for the same speed as when air was admitted. In the present 
method it is the same at the same speed in the two cases, for there 
is no energy given to the machine other than through the shaft 
mechanically. 

The machines were arranged, as in Fig.2, with the brushes removed 


* Electrician, vol. 63, p. 707, 1909. 
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from the driven machine. The air pump was in connection with a 
surface condenser supplicd with a trickle of steam and circulating water 
to keep the pump wet. No trouble was experienced in maintaining a 
high vacuum for days. The driving motor was run, separately excited, 
from large storage cells, and the power measured by Weston laboratory 
standard instruments. The following results were obtained, each read- 
ing corresponding to four hours’ interval. The speed is in revolutions 
per minute, and the power is that supplied to the driving motor. 


TABLE I. 


Speed and Power in Air. 


Speed. Watts. | Speed. Watts. cB Speed. Watts. 
475 буо 1 лоо 163 | 1,595 290 
590 83:0 | 1,181 185 | 1,660 303 
720 102'0 | 1,250 196 1,705 309 
815 117°5 1,310 215 1,725 316 
876 1260 | . 1,345 225 1,860 360 
953 138'0 | 1,425 229 2,000 409 

1,018 I50'0 | I,490 252 2,145 475 


Table II is an average of the readings in an absolute pressure of 
0°25 in. of mercury ; and these readings, with the results of Table I, are 
shown graphically in the curves of Fig. 3. 

TABLE II. 


Speed and Power in Vacuo. 


Speed. | Watts. 


The difference between the readings at any speed is the apparent 
loss of power due to wind resistance, in terms of the input of the 
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driving machine. The actual loss is clearly the product of this and 
the efficiency of the external motor when under the same mechanical 
conditions. This machine was calibrated at the different speeds 
under electrical conditions and with a mechanical torque identical 
with those used in the tests, and the relation between speed and 
efficiency found to be a straight line, as shown in Fig. 4. The higher 
speeds were obtained by weakening the field of the motor, with the 
effect that the efficiency rises slightly. 
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Fic. 3.—Power and Speed in Air and in Vacuum. 


We have then the final values as given in Table III (p. 498). 

The variation of loss with speed derived from these figures cannot 
be made to fit exactly any expression of the form W =a n". It will 
first be observed that the curve of loss in Fig. 4 approaches zero at a 
definite angle to the horizontal axis. The magnitude of this is too 
great for experimental error of observation and, whatever may be its 
cause, it points to a form W =a n + b n”. 

Following the usage of the Kapp-Hausmann diagram and plotting 
W/n against speed, the curve of Fig. 5 is obtained, which, intercepting 
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Fic. 5.—Wind Resistance Index and Speed. 
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the vertical axis above zero, confirms the existence in these experi- 
ments of a term proportional to the first power of the speed. Perhaps 
the most interesting feature of this curve is that it is straight over a 
long range of speed, and that there isa remarkable increase in the 
value of W/n, beginning in this case at about 1,100 revs. per minute. 
This long straight portion, which corresponds to a term in the power 
of the form 6 n?, may explain the straightness of the line usually found 
in the running-light method of testing losses. Windage would then 
fall in with eddy-current loss over this range of speed. The fact that 
this line is sometimes curved from the base is explained later in the 
consideration of eddy-current loss, and that it is more often bent 
upwards at high speeds is to be expected from the prominence of the 
higher power windage loss, only developing at some critical speed, 
peculiar no doubt to each machine or type of design. 


TABLE III. 
Speed and Windage Loss in Watts. 


Apparent True Apparent True | 

Speed. Windage Windage Speed. Windage Windage 
Loss. Loss. Loss. Loss. ! 
400 5'5 2:6 I,400 26:5 16:5 
боо 8:5 4'5 1,600 33°5 21°2 | 
800 116 6:9 1,800 42'0 27'0 

I,000 15:6 94 2,000 570 342 

1,200 20:6 12:6 2,200 85:0 55:0 


The complete expression derived from the curve of Fig. 5 for 
the power absorbed would then appear to be here of the form 
W=an+6n?+0cn3, in which the first term corresponds to a 
resistance of constant amount, the second to one proportional to the 
speed, the third to the square of the speed. As a first and rough 
approximation the curve can be represented by W=5'5 X 107? m, 
though with this the values are at first low, and at intermediate speeds 
high, as shown in Fig. 4. 

This is the law generally taken to represent windage loss and is 
always characteristic of loss of power by turbulent motion, in which the 
resistance is proportional to the square of the speed. Any resistance 
proportional to the speed can only be caused by opposing forces of the 
nature of skin friction, in which the energy is communicated to the sur- 
rounding medium through disturbances of the nature of collisions rather 
than eddies. The existence of a constant resistance is, so far as I know, 
a new feature in wind resistance experiments, and should, therefore, 
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only be received after further experimental evidence. This term alone 
would require that the same body of air should be moved every revolu- 
tion against a constant resistance. It is possible that the condition of 
the bearing friction might have been changed by vacuum at its ends, 
: or that the state of contact of the stuffing-box packing around the }-in. 
steel shaft was altered by the air pressure along the shaft from outside. 
The intercept on the vertical axis has a value of a = 0'0042 watt per 
revolution, at zero speed, and a slight change in the conditions of 
mechanical friction might account for the effect. It cannot, however, 
be omitted here as unimportant relatively to the other terms, and it is 
hoped to make further experiments on the point. 

Assuming that at moderate velocities the law W = a n'*5 holds for 
windage and bearing friction, and that windage alone follows the law 
W = b n? +c n3, it does not scem possible to reconcile the transition to the 
law of Fig. 1, that the resistance is constant at high speeds, without a 
definite change in the nature of bearing friction at some critical speed. 
It may be remarked that trials on centrifugal pumps or blowers cannot 
discriminate between square and cube indices, for by the nature of the 
case translational and whirling energy entirely masks gliding friction. 
Only whirling table experiments on gliding planes can determine 
the value of the skin resistance, and to represent the present case fully 
it would be necessary to drive smooth cylinders with rounded ends in 
air and in vacuo. 

The conclusion from the present experiments is that there are at 
least two terms in the wind resistance of electrical machines, one corre- 
sponding to the formation of eddies, the other to a skin friction. For 
modern types of covered armature the former term only becomes im- 
portant at high speeds, whilst for smooth covered surfaces the latter 
term is not negligible at low speeds. The two machines were not 
moved between the air and vacuum trials, and the mechanical condition 
of the bearings was the same in both cases. 


SECOND SERIEs. BEARING AND WINDAGE INDEX. 


The same machine removed from the vacuum tank and driven by 
the same motor was tested by the measured power and running-down 
methods under three conditions : with solid poles, with solid poles and 
laminated pole-shoes, and with poles laminated throughout. In each 
case the friction plus windage loss was separately measured, and since 
there was no change other than the removal of end bearings to permit 
the armature to be drawn and the poles interchanged, the mechanical 
conditions should have been the same in each case. It will, however, 
be seen from Fig. 6 that the three windage and friction lines, curves 1, 
2, and 5, do not coincide. This illustrates the effect on bearing friction 
which may arise in practice from exceedingly small changes in align- 
ment. 

From the curves of Fig. 6, which show the power delivered to the 
shaft of the machine under test, we have the following any three 
readings :— 
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TABLE IV. 


Speed and Power in Air. 


Watts. 
Speed 
Curve I. Curve 2. Curve 3. 
n I,200 1122 | 94:8 тобо W 
п 1,300 1250  , 1o6'o 118°3 W 
п 1,408 139°5 | 118°8 132°3 W 
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Fic. 6.—Power and Speed with Solid and Laminated Poles. 


Writing at these speeds the combined friction and windage loss in 
the form W =a n3 + bn", where a is the windage loss coefficient and b 
that for friction, x being the mechanical friction index, three readings 
are required to find a, for from the above we have— 
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The values derived from corresponding quantities in Table IV are 
5'4. X 107%, 63 X 107%, 5°95 X 107%, for curves І, 2, and 3 respectively— 
giving an average value of 5°88 x 107%. 

The approximate loss due to windage alone at a speed of, say, 1,300 
would then be 5°88 x 107? x 13003 = 12:9 watts. The value obtained 
from the vacuum curves is 12:5 ; the cube law would, therefore, at this 
point seem approximately to satisfy both sets of measurements. 

Having found the coefficient a the bearing friction index x can be 
determined, thus :— 


108 W, —a n, 
log njn — 
This is given in Table V. 

TABLE V. 


Index of Bearing Friction Loss. 


X. 


Speed Range. cC M M ICM M MC CC ORE Mean. 
! Curve т. Curve 2. Curve 3. 

I, 200~1,300 I'18 I'20 I'18 I'19 

I,000-1,050 I'21 I'25 I'2I 1'23 

550—600 1°44 1°55 1°60 1°53 

200—400 1:59 1°75 1:67 1:67 


The last row was calculated on the assumption that the windage 
loss was negligible, and though it is exceedingly small this may not 
be quite the case on account of the influence of the constant term 
previously discussed. The above figures, as far as they go, would 
show that the shaft friction index does perceptibly change with speed, 
and in a manner not unlike that required to fill the gap in Fig. 1, 
between W =b n"5 at low speeds апа W =bn at high. 


IRON Loss INDEX. 


Repeating these tests with the fields magnetized to give a gap flux 
density of 5,800 lines per square centimetre, the curves A, B, and C of 
Fig. 6 were obtained, and, as before, four hours were allowed between 
readings. The intercepts between these curves and the corresponding 
lower set are equal to the combined loss by eddy currents and 
hysteresis, The evident effect of partial or complete lamination is, as 
anticipated, the more than proportionate increase when solid poles 
were used, being no doubt due to eddies in the pole-face. 
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Taking, as before, the ratio W/» as ordinate, a further set of curves, 
Fig. 7, was obtained, which are of interest. Each consists of two 
distinct parts, and the point of flexure is in each case at a speed 
between 750 and 800 revs. per minute. Below this the curves are 
parallel ; above it they diverge in order of lamination. The intercepts 
on the vertical axis correspond to the hysteresis loss in each case, or 
one proportional to the speed ; being W/n = 0'115, 0:074, and 0°062 for 
solid, partial, and complete lamination respectively. Denoting these 
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Fic. 7.—Change of Coefficient of Eddy-current Luss with Speed. 
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We 
expressing the influence of lamination on hysteresis loss in the poles. 
If the hysteresis loss in laminated poles can be neglected in com- 
parison with that in the armature, so that the whole of the ratio 0:062 
is derived from the latter, we have the result that even with laminated 
shoes and solid poles there is an increase of 20 per cent in the total 
first power loss, and with solid poles and shoes 87 per cent increase, 
as distinct from second power loss. The ratio of slot opening to air- 
gap is 3'5, the large value of which might be expected to give rise 
to larger than usual pulsations in the pole flux. 

Since the lines of Fig. 7 are straight, the eddy-current index 
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derived from them is in each case 2, both for speeds above and below 
the point of flexure. Apart from eddy-current loss in the armature, 
which is known to follow the square law, this shows that there is 
“turbulent” magnetic movement in the poles rather than symmetrical 
pulsation in the solid yoke, for the former obeys a square law every- 
where, the latter giving rise to a loss proportional to the square root of 
the speed. | 

But though the speed index is the same for each curve the coeffi- 
cients are not. Assuming a general expression— 


W,+W,=cn+dn’, 


c has the values o'115, 07074, 0'062 previously given. Below a speed 
of 800, d is the same for each curve and is equal to 6'7 x 10-5; the 
values above this are 1°2 X 10, 4'7 X 10-5, 3'2 X 1075 respectively, л 
being the number of revolutions per minute. 

The cause of the change in the eddy-current coefficient at, in this 
case, 800 revs. per minute, is to be sought either in the amplitude or 
in the type of the magnetic oscillation in the poles. The frequency in 
the armature is then 27 periods, and the tooth frequency 676 per 
second. From the fact that the solid pole curve bends upwards and 
the others downwards, it follows that with a certain degree of lamina- 
tion the eddy-current coefficient would be the same at all speeds. 
The change cannot be a magnetic resonance effect, though it may 
possibly be the result of mechanical resonance, and it would appear to 
depend more upon type of magnetic pulsation than upon amplitude. 
The “ hog-backed” curves occasionally found in the running-light 
tests may, perhaps, be due to a change similar to that of the lower 
lines. 

The conclusion from these tests is that they agree very fairly well 
with those in vacuo, as regards windage, and that the bearing friction 
loss is relatively higher at low than at high speeds, the index decreas- 
ing with rise of speed. Pole lamination has apparently an effect upon 
hysteresis as well as upon eddy-current loss. The index of the latter 
is in all cases 2, but the coefficients. change at some critical speed, being 
the same in all cases at low speeds. 

No attempt is made to derive a working formula from these pre- 
liminary trials, the first object of which was to observe, as accurately 
as possible, the change with speed of each of the causes of loss of 
energy, other than copper loss, in machines of a simple type. 


DISCUSSION BEFORE THE NEWCASTLE LOCAL SECTION ON 
IITH NOVEMBER, 10912. 


Mr. A. H. Law: I think all designers agree that, at least in high- 
speed machinery, the question of windage is one of great importance ; 
and although the author’s experiments have been made on a plant of 
small size, the data appear to be largely applicable to larger machines. 
The windage of a turbo-alternator has a very important bearing on its 
efficiency ; and in some cases where the windage has been excessive, 
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it has been possible to reduce the ventilation considerably without 
increasing the temperature rise of the plant, owing to a reduction of 
the losses caused by air. In alternators designed for very low tempera- 
ture rises it has been found an advantage to put the ventilating fan on 
the outlet from the machine, so that the heating up of the air due to 
its passing through the fan occurs after the air has done its work in 
cooling the alternator. The question of surface speed has an impor- 
tant bearing on the windage of a plant, and in some cases where a 
designer is tempted to take a large diameter carcase for a moderate 
output by simply shortening its length the windage has been found to 
be very much more than was anticipated. 

Mr. C. H. Davipson : The machine Professor Thornton has experi- 
mented upon is rather a small one ; in practice, of course, we have to 
find these losses on machines of very much greater output. In ordinary 
commercial testing we cannot keep a machine for a long enough time 
to make complete experiments, and we also cannot put 6,000-kw. plants 
in a vacuum box. I have been able to find some windage-loss curves 
for plants of various sizes, and in no case does a simple expression 
agree with a curve. Some curves vary approximately as the square of 
the speed, and some approximately as the cube. If a formula were 
worked out for one curve it could not be applied to other machines 
having different proportions of length to diameter, different surface 
speeds, and of different construction. The matter is further com- 
plicated by such items as the different shapes of slots and air-passages, 
and by the presence of various obstructions. In the case of a 250-kw. 
continuous-current armature, a curve giving the windage losses plus 
bearing losses was obtained. On assuming that the bearing losses 
varied directly as the speed, it was found that the windage loss varied 
very nearly as the square of the speed. This was a smooth armature 
with binding wire, and centrifugal fan action would be almost entirely 
absent. Of course, it is not correct to assume that the bearing loss is 
proportional to the speed; it gocs up with increasing speed, and so 
the true windage curve will show the existence of the “а n" as well as 
the “bn?” term. Always on these, high-speed armatures there is а 
skin of air being carried round and round by the armature, to which it 
seems to stick, and Professor Thornton will, perhaps, be able to trace in 
this the origin of the “a n” term. In some cascs this air can be got rid 
of by fitting scrapers, when the pole-pieces do not have this effect 
themselves. In the case of a 250-kw. alternator of an old type, specially 
built for single-phase work and having an “ Н” type revolving field, we 
found that the windage curve varied very nearly as the cube of the 
speed. In this case the rotor had an enormous centrifugal action, 
which would account for the size of the third power term in the 
equation. 

There are one or two other points in Professor Thornton's paper 
to which I should like to refer. He mentions in one place a critical 
speed. I should like to suggest that this speed is the one where 
sufficient head is obtained to start a flow of air against the friction, 
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etc.; this would account for the third power term appearing at 
this speed. Also, in Fig. 6, no attempt has been made to separate 
the bearing losses; I think if these were determined accurately at 
different speeds the results might influence greatly the Kapp-Hausmann 
diagram Professor Thornton has drawn, because the bearing losses 
may be found to vary inversely as the speed at low speeds. The 
determination of windage losses is very important, as they are a large 
proportion of the total losses in turbine-driven plants. In some cases 
the windage loss of continuous-current machines, where the speed was 
high and in which resort was had to powerful ventilation for carrying 
away the heat, has amounted to as much as 40 per cent of the total 
losses. In the case of alternators the percentage is considerably lower ; 
but where the speed is high it is often found that the windage loss 
amounts to as much as 25 or 30 per cent of the total losses of the 
machine. The loss is, of course, greater where the machine is venti- 
lated by means of fans mounted on the rotor ; it is notorious that it is 
difficult to design such fans to have anything approaching a really 
high efficiency. 

One of the 5,000-kw. alternators at Carville station has a windage 
loss as low as 26 kw. The alternator in question at 5,000 kw. has an 
overall efficiency, which has been carefully measured and which is 
known to include all losses, of 96:8 per cent at full load, so that the 
above-mentioned loss is only 16 per cent of the total losses; but in 
the case of this alternator the ventilation is produced by means of 
externally driven fans which consume approximately 17 kw., so that 
the total ventilation and windage loss amounts to about 27 per cent of 
the total losses of the alternator. In another case a 500-kw. single-phase 
alternator was found to have a windage loss amounting to almost 
50 per cent of the total losses ; but at the same time it was found that 
the temperature rises were quite moderate. Steps were taken to reduce 
the quantity of air passing through the rotor, with the result that the 
windage was halved; and although as a result of this alteration a 
much smaller quantity of air was passed through the machine, the 
temperature rises were practically the same as before the alteration, 
owing to the reduction of windage. 

Mr. C. TURNBULL: The question of small losses in central-station 
plants is of considerable interest. Thus, a 20-kw. loss in windage may 
not seem much in a large generator, but it is equal to 160,000 units in a 
year's running of, say, 8,000 hours. If the small losses were calculated in 
some large power stations the units lost per annum would be tremen- 
dous. Any reduction in these losses may not show up much in the 
increased efficiency of the generator, but it may still result in an 
appreciable reduction in the yearly expenses of the station. Has Dr. 
Thornton tried ball-bearings on his motor? "This might throw some 
light on bearing losses. In America recently a turbine of, I think, 
5,000 kw. was scrapped, and instead of breaking it up the Americans 
set it up in a park as a monument. Now, it has occurred to me that it 
might be a good thing if we in Britain were to present some of our old 
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plant to people like Dr. Thornton for carrying out experiments. 
Windage and iron losses, evaluated, say, on an old 500-kw. turbo- 
generator, would be of the greatest interest to electrical engineers ; and 
such experiments might lead to improvements worth many thousands 
of pounds per year to the nation. A London station recently disposed 
of old plant at a price which did little more than pay for the cost of 
advertising it, an incident which is likely to happen many times over 
in the future. Why not give such plant to our colleges instead of to 
the scrap-metal merchant ? 

Mr. T. CARTER: Previous speakers have'referred more particularly 
to the application of the author's results to high-speed machines. 
What I have to say has reference tolow-speed machines. One sentence 
on the first page of the paper may be mentioned as indicating the 
difference between the application of the principles to high-speed 
machines and to low-speed machines. In regard to the latter, it really 
does not matter particularly what the windage coefficient is, provided 
it is known with some approximation to accuracy. The windage and 
friction loss in low-speed machines may be only 2 or 3 per cent of 
the output of the machine, and an error of, say, 1o per cent in esti- 
mating this is, therefore, quite negligible. On the other hand, in high- 
speed machinery, where this loss is a much greater proportion of the 
total, a similar error would not be by any means negligible. This 
point may be taken as representing generally some of the important 
differences between the losses in high-speed machines and those in 
low-speed machines, and it is quite clear that it is not possible to argue 
from one to the other. In obtaining the efficiencies of ordinary motors 
in practice, when these have to be calculated at short notice and must, 
therefore, be worked out from very simple constants and expressions 
for the various losses, it seems to be quite correct to take the friction 
and windage losses as proportional to the speed within the ordinary 
range of moderate-speed motors. I should like to mention one loss 
which comes under the heading of those that change with speed, and 
this loss is not mentioned at all in the paper. I came across its effect 
in a marked degree first of all in the case of a motor-generator which 
had to stand considerable overloads. The efficiencies that were 
guaranteed at the overloads were not obtained, and it appeared that 
there was a loss which had not been allowed for and which depended 
on the load on the machine. Nothing could be found in text-books 
excepting one case where a formula was given which was so com- 
plicated that it could not be used. Fortunately I came across the 
result of an actual series of experiments, and was able to deduce from 
this a formula which was quite simple in its shape and really seemed 
to give an indication of the amount of the extra loss that was occurring. 
By allowing for this in the case of the next similar motor-generator 
built, the efficiencies came out quite correctly. "This loss may be called 
* incremental loss," but the name does not matter particularly. The 
principal point is that something occurs which may be due either to 
eddy currents in the copper of the armature winding, or to extra core 
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losses arising from the change in distribution of the flux, and the 
formula gives in a practical form the effect of whatever does happen. 
That, after all, is the important thing to have in guaranteeing effi- 
ciencies. It would be very interesting, however, from the theoretical 
point of view, and might lead to a proper understanding of the meaning 
of the formula, if some experiments were conducted in order to find 
out what the loss really is. This might form at some time or another 
a useful continuation of the experiments detailed in this paper. The 
formula for this loss shows that it varies as the square of the speed, 
and, therefore, it clearly comes under the subject of this paper. 
Generally speaking, what seems to me to be specially valuable in a 
paper of this sort is that it is a record of an attempt to separate out the 
various losses, thereby enabling us to arriveatan intelligent conception 
of what is going on in the various parts of the machine. 

Mr. J. ScHUIL: I have seen in the Elektrotechnische Zeitschrift a 
report of some tests in which the author had tried to teliminate the 
air losses by enclosing the rotor in a smooth box, which again was 
made to run inside another box. The effect was the same as in a 
centrifugal fan with the air-gates shut. For large machines this could 
be used without much inconvenience. 

Mr. F. О. HUNT: I have been much interested in the application of 
what Dr. Thornton so neatly describes as the “ usages of the Kapp- 
.Hausmann diagram." There have been suggestions put forward to 
account for the upward curve sometimes found at the top end of the 
Kapp-Hausmann line, but until now I have never felt that we had 
arrived at anything like the truth. It has even been laid down in a 
well-known book that the curvature arises from eddy currents causing 
excessive armature reaction. As regards the question of skin friction, 
if we are considering end connectors cutting a column of rapidly 
moving air, would it not be natural to expect something of the nature 
of solid friction, seeing that a rapidly moving gas always shows a 
* quasi-rigidity ”? Referring to the section on “ Iron Loss Index," may 
I ask with what degree of accuracy the various kinds of poles were 
set. A very small difference in the diameter of the bore might make 
a great change in the performance of the machine. This effect would 
probably be very important where the ratio of slot width to air-gap is 
as high as 3:5. I should also like to ask whether 800 revs. per minute 
(page 502) gives the correct position for the bend in the curve. 

Mr. W. BAXTER : I should be glad to know what precautions were 
taken to eliminate any residual field, as otherwise the results could not 
be accurate. With regard to trapped air, I do not think that any 
reasonably good designer would be likely to leave pockets in which 
air could be imprisoned, since one of the chief points in design is to 
ensure that air circulates through every part of the windings. Curves 
A, B, and C in Fig. 6 are interesting as showing that there is 
not a great deal to be gained by carrying the laminations beyond the 
pole-faces, at least with a ratio of slot opening to air-gap of 3:5 : 1. 
Incidentally, however, I would mention that a ratio of 35:1 is 
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nothing very excessive, as a ratio of 5:1 is often found in small 
crane motors. I feel certain that the “incremental loss" mentioned 
by Mr. Carter is due to brush losses. As an example of the magnitude 
to which these losses—due to commutation currents in the brushes— 
might attain, I would point to the great variations which are observed 
in the no-load current of a continuous-current motor when the brushes 
are moved away from the neutral position. Some technical details 
of the motor which Dr. Thornton has tested would enable designers 
to compare their results with those given so fully in the paper. 


DISCUSSION AT MIDDLESBROUGH, 8TH NOVEMBER, 1912. 


Mr. R. M. LoNGMAN: I should like to know if the machine was run 
in free air or in the tank, and whether the tank would make any 
difference. Also, would the vacuum affect the oil in the bearings, 
and so make a slight change in the bearing friction? I think the 
article by G. T. Williams in the Electrician,* on the dissipation of heat 
in magnet coils, deserved more attention. In regard to windage loss, 
a point is soon reached where it becomes of secondary importance to 
heat dissipation. Machines have to be so designed that while getting 
the air required through them, care must be taken to avoid eddies or 
stagnant pockets. The power taken to force air through high-speed 
machines is considerable—often reaching тоо h.p. in a 5,000-kw. 
machine—and it is, of course, a windage loss. Such a loss, and the 
difficulty of making it effective, makes one wonder whether some other 
method should not be adopted to dissipate the heat, such as water- or 
oil-cooling the stator, especially in the very large units now being built. 
In analysing the windage losses of the machine under consideration, 
has the weight of air actually contained in the revolving portion been 
considered, and the power required to rotate this at the various speeds ? 
Further, is there also a skin effect where the armature moves through 
the standing air? As to bearing friction, the machine in the first case 
was running unexcited and there was no pull due to magnetic 
unbalancing. There are with many machines, especially high-speed 
ones, additional bearing troubles, due to extra friction caused by 
circulating currents in the shaft and bearings. These troubles must 
be carefully guarded against by insulating a bearing pedestal, or by 
fixing brushes on the shaft, or in other ways. 

Mr. W. A. CHRISTIANSON : With regard to the speed of flexure for 
the eddy-current loss, does this usually take place below the normal 
full speed of a machine or sometimes above it? I take it that it will 
vary with different machines. I should also like to ask what percentage 
the windage loss usually represents. No doubt this will vary with the 
type and sizeof machine. So long as iron and copper losses take place 
in machines, the windage loss may be looked upon as a useful loss, with 
the exception of the wind eddy component. Referring to Fig. 7, the 
curves are rather instructive. I notice that all three curves are 


* Vol. 63, p. 706, 1909. 
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practically parallel up to the point of flexure. This is not what might Mr. Chris- 


have been expected, but, instead, a gradual steepening of the curves as 
the degree of pole lamination was reduced. This, however, occurs 
after the point of flexure. From these curves it appears that up to this 
point the eddy-current loss is the same for all three cases, but that the 
hysteresis loss varies inversely as the degree of lamination in the poles. 
The question might then be asked : If there is additional hysteresis loss 
in the higher curves, why not a corresponding eddy-current loss? The 
saving in these losses by lamination in the example given would 
probably not be realized to the same extent in a larger machine, 
where the ratio of the slot opening to the air-gap was less. It is 
surprising to note the extent of the hysteresis loss in the poles. The 
separation of this and the armature hysteresis loss by analysis of the 
top and bottom curves is interesting. 

Mr. A. H. W. MARSHALL : I am rather surprised to find that the wind- 
age loss is so small a proportion of the total loss. This seems, however, 
to be borne out by a case I have heard of recently, where the overall 
efficiency of a medium-sized turbo-alternator was improved some 3 per 
cent by reducing the diameter of the journals. This goes to prove 
that friction accounted for a large proportion of the total loss. I 
notice that the increase in resistance as the speed increases is different 
from that which is given in most train resistance formula. The two 
cases seem much alike, and I should be glad if Dr. Thornton would 
explain the difference. 

Professor THORNTON (in reply): I was very much interested to 
hear what Mr. Law and Mr. Davidson had to say about the great 
absorption of energy by windage in large high-speed machines ; and 
I note that there is clear evidence of windage loss being proportional 
to the square of the speed in certain cases. As confirming the result 
given in the paper this is very satisfactory ; but it is more so as show- 
ing the possible real gain by shrouding the end connections wherever 
possible. It would seem that the occurrence of a square or cube index 
of windage loss could almost be predicted from the type of rotor. 
Although it is impossible, apart from being undesirable, to run a large 
machine in vacuo, there can be no doubt, as mentioned by Mr. Schuil, 
that windage loss might occasionally be reduced by entirely enclosing 
the machine in a tight jron case with cooling fans. There would then 
be a ventilating current of air absorbing little power, like a centrifugal 
pump with the discharge valve closed ; but whether the cooling would 
be sufficient could only be found by trial. Mr. Turnbull's figures as 
to the cumulative cost of small long-continued loss are instructive. 
The designing of bearings seems to have followed old lines for a 
long time; the modern tendency is to reduce the diameter and the 
mechanical losses. Ball bearings in small machines appear to give 
very excellent results. Mr. Baxter suggests that Mr. Carter's inter- 
esting “incremental loss" may be a commutation effect. With brushes 
in the wrong position an active movement of the magnetism, especially 
the stray field between the poles, can be observed by means of the 
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oscillograph. In alternators there is, as shown some years ago by 
Professor Threlfall, an increase in iron loss amounting to 7 per cent 
of the total losses, which appears as the load comes on. Possibly 
this might be examined by finding all the copper and other eddy 
losses first, though it must be mentioned that any iron loss in the 
stator is transmitted through the rotor magnets and may easily be 
taken as occurring in the rotor unless otherwise examined. The 
residual magnetism was made exceedingly small, as low as it is 
possible to get it, before running, and the long-continued vibration 
of the machine in the earlier experiments would shake out all but 
the last traces of the permanent flux. Any hysteresis and eddy- 
current components, if present in the windage experiments, must 
have been much less than the bearing friction, and would be the 
same at any speed whether in air or in vacuo. The results are based 
on the difference between the curves of Fig. 3, and the effects of 
possible residual flux are thereby eliminated. 

Mr. Hunt's suggestion, that the loss found in the experiments to 
vary as the first power of the speed might be a consequence of the 
dynamic quasi-rigidity of a blast of air, should, I think, be further con- 
sidered. If the effect be a real one, and not derived from some 
undetected change of the mechanical friction, it is difficult to see 
another explanation. In reply to Mr. Longman, there is no measur- 
able difference caused in the power taken by the driving motor 
by removing the lid of the tank, which would from this appear to 
have been suitably large for the experiments. I do not quite see 
how an external vacuum the same at both ends of the bearing could 
affect the state of the lubrication ; the thickness of the film is too 
small for end effects. In reply to Mr. Christianson, the flexure of the 
eddy-loss curves occurs in the case of this machine below the normal 
speed. With regard to the relative values of hysteresis and eddy- 
current losses in solid and laminated poles, what is put down as 
hysteresis loss in Fig. 7 should be more properly described as first 
power loss. Also, since the eddy loss in solid masses varies as the 
square root of the speed, the only explanation that appears reason- 
able is that the magnetic movement only becomes turbulent at a 
critical speed, and below this is lower than might be expected because 
of the comparatively slow rise and fall of the flux density, this setting 
up regular eddies with their well-known damping action retarding the 
growth of the flux. 
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ADDRESS TO THE STUDENTS’ SECTION. 


By Dr. A. RUSSELL, Member. 


(Address delivered 20th November, 1912.) 


In your own interests, as well as for the welfare of the industry and 
the nation, it is highly desirable that you begin to develop the critical 
faculty. One of the best ways of doing this is to write a paper on 
a subject in which you are interested, and then read it to this 
Students’ Section. 

The next best thing to writing a paper is to criticize one. If 
possible, let your criticism help the author, but if destructive criticism 
be called for, do not hesitate to make it. To be offended by honest 
criticism on these occasions is a sign of weakness. You will find that 
every sensible engincer not only welcomes criticism and profits by it, 
but is grateful to his critic. 

Some students are engaged in original work, and some are strongly 
attracted by a particular engineering problem. These students will 
have no difficulty in choosing a subject for a paper. But there are 
many, even amongst the best students, whose complaint is that they 
have nothing to write about. I have thought, therefore, that the best 
thing I could do to-night was to give a few hints on writing papers 
for the Institution Journal, and to suggest a few fields of research 
which seem promising at the present moment. 

Before making any suggestions, however, a few preliminary 
warnings may be helpful. First, remember that your reasoning must 
always be rigorous. You can assume, for instance, that an electron 
is almost inconceivably small, but that it has a finite amount of energy 
stored up in it or around it. But you must deduce logical conclusion 
from your own premises. Simply because the conclusion is correct it does 
not follow that the reasoning is correct. In many cases hard thinking 
is necessary in order to detect the fallacy, one has therefore always to 
be on the watch for loose reasoning. Опе sees at a glance, for instance, 
the fallacy of saying, “If all metals are yellow, gold is yellow. But 
gold is yellow, and therefore all metals are yellow.” When put in 
symbols, however, such reasoning as: “If Ais B, X is Y; but X is Y 
and therefore A is B," is unfortunately not uncommon. 

The papers that are wanted are short, clearly written papers in 
which something novel is brought forward, some old world theoretical 
shibboleth is criticized, or a succinct account of some recent develop- 
ment or discovery is given. In electrical engineering there are 
numerous unexplored fields, plenty of crude theories to be exposed, 
and many developments of which descriptions are wanted. 
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The old-fashioned fluid theory of electricity survives, and is likely to 
survive for many years to come in such words as current, pressure, quan- 
tity, capacity, etc. I cannot help thinking that the ideas suggested by these 
words often prevent us from getting a better insight into the physical 
processes taking place in many electrical phenomena. 

I think that everyone ought to have a smattering of the modern 
atomic theory of electricity. Some may object that this theory is ina 
continual state of flux, and that they are waiting until its foundations 
are complete. You cannot afford to do this. For instance, you will 
find it useful to look on a current of electricity in a solid conductor asa 
flow of electrons in the interstices between the molecules of the solid 
conductor. Each of these electrons carries a definite charge, and they 
are continually colliding with one another and with the molecules of 
the solid. Applying the ordinary laws of dynamics, we prove at once 
both Ohm’s Law and the formula for the magnetic force near a current, 
which is generally called Laplace’s Law. Those who have a mathe- 
matical bent will find the subject entrancing, as it is full of infinite 
possibilities The mathematical electrician will find plenty to reward 
him in Heaviside’s new volume. An expanded proof of some of the 
many theorems given there would form most useful and interesting 
papers or communications. 

Another subject of not less interest, and of more immediate practical 
importance, is a study of the effects that will be produced when the 
recent substantial reductions in the price of electricity for heating 
purposes made by some of the supply companies become general. 
When electric heating is universal, chimneys for smoke will be relics of 
barbarism. Black fogs will be unknown, and every house in the city 
will have a roof garden. Architects are fully alive to the many possi- 
bilities of electric heating, but I am afraid that few electricians have 
seriously studied the problem. The kind of advice sometimes given to 
consumers is: “Get а radiator and brick up the fireplace." But this 
leads to great difficulty in obtaining proper ventilation ; this point 
is deserving of the most careful consideration. In this connection, 
Dr. Shaw’s little book on “ Air Currents and the Laws of Ventilation " 
will be found very helpful. 

The industrial changes that are being effected by cheap power 
form another subject which will well repay close study. 

In connection with the many systems of radio-telegraphy there 
is a practically boundless field for mathematicians, physicists, and 
engineers, and perhaps in no field of research is there a greater 
demand for skill and trained intelligence of the highest order. 
Dr. W. H. Eccles has shown that the study of “atmospherics” by 
means of extremely simple apparatus will not only prove most useful to 
meteorologists, but may also throw some light on the apparently almost 
insolvable problem of the earth’s magnetism. There is no doubt that 
some of the signals received are due to disturbances in the sun and 
other celestial bodies, and so it is most important to notice whether 
they coincide with magnetic storms. 
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To pass to humbler problems, I would suggest that there is still 
much to be discovered by studying the phenomena of brush discharge 
and the voltages at which these discharges occur on electrified bodies. 
This Students’ Section has already discussed some important papers 
on the subject. Kemp and Stephens, for instance, made a valuable 
research on the sparking distances between equal spheres two years 
ago.* Recent papers by Professor J. B. Whitehead,+ of the Johns 
Hopkins University, and F. W. Peek,{ of the General Electric Com- 
pany of America, not only prove that this field is a particularly rich 
one, but also that nearly all of it is unexplored. The apparatus required 
for this research on the lines laid down by Whitehead is in practically 
every laboratory. By means of a simple electroscope he proved that 
the potential gradient at the surface of an electrified cylinder of radius 
a when ionization first started was given by the expression 32 + 9'5/(a)f 
in kilovolts per centimetre when the temperature was 21° C. and the 
pressure 76 cm. 

Peek experimenting on a full-sized model transmission line proved 
that the maximum potential gradient R between cylindrical wires when 
the corona first appears is given by К = 32:5 + (а)? kilovolts per 
centimetre at o? C. and 76 cm. pressure, where a is the radius of 
either wire. 

At Ё C. and Н cm. pressure, R is given by— 


R = (46 H/T) [32'5 + 11/(a)!], 


where T is the temperature (Kelvin), being the same as(273 + /), where 
t is the temperature Centigrade. 
At 21° C. and 76 cm. pressure this becomes— 


К = 30+ roj (a)? kilovolts per centimetre approximately. 


Considering the very different methods used by these experimenters 
the agreement between the results is extremely satisfactory. 

Peek distinguishes between the disruptive critical stress and the 
“visual” stress, i.e. the electric stress at which the corona first appears. 
The difference between these values, however, is very small. He 
proves also that the corona loss is proportional to the square of the 
difference between the actual voltage and the critical voltage. These 
results are obviously of primary importance in the design of high- 
tension overhead transmission systems. 

A theoretical explanation of these formulæ is urgently wanted. By 
considering the analogy of the convection of heat from a hot cylinder 
immersed in a liquid, with the convection of electrons from an elec- 
trified cylinder, I was led to believe that a formula of the above form 
would express Whitehead’s experimental results. The analogy was 
vague, and so I was surprised to find how accurately the experimental 


* Sournal of the Institution of Electrical Engineers, vol. 45, p. 685, тото. 

t Proceedings of the American Institute of Electrical Engineers, vol. 29, p. 1059, I910; 
vol. 30, p. 1079, IQTI ; vol. 31, p. 889, 1912. 

+ Ibid., vol. 30, p. 1485, 1911; vol. 31, p. 1085, 1912. 
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results could be expressed by a simple formula of this nature. I shall 
therefore go a step farther and, using the same analogy, suggest that 
the maximum stress R between spherical electrodes at the instant of 
discharge is given by— 


R = [32:5 + 12/(a)*] [3:6 H/T] 


when the distance between the spheres is greater than one-twentieth 
the radius a of either. For given sized spheres R is a constant. I 
think it will be found that a formula of this nature will enable us to 
predict the sparking voltages between spheres. The values of the 
* constants" 32:5 and 12, however, may need a little alteration. 

Another interesting research is to make a stroboscopic study of the 
corona on wires of different metals. If we have two copper wires, for 
example, attached to the live terminals of a high-tension transformer, 
each of them appears surrounded by a bluish spray having numerous 
red spots or beads of light on it. If we look at the wires through the 
stroboscope, however, we see that the bluish white spray is on the 
positive wire and the red beads of light are on the negative wire. A 
careful study of these phenomena will probably bring to light many 
interesting facts. 

Another interesting subject is the grading of cables so as to make 
them suitable for very high pressures. The most promising method 
is undoubtedly the conducting layer method. In this method the 
various layers are separated by thin conducting cylindrical layers, 
which are maintained at the potentials necessary to produce uniform 
stress over the whole of the insulating materials. The first thing to 
find out is what the values of the potential differences between the 
layers must be in order that this may be effected. The next is to 
invent methods of maintaining these layers at the required potentials. 
We then compute what are the capacity currents in the various layers. 
The latter is an extremely interesting problem which leads to very 
curious results, setting very definite limits on the use of the method 
with alternating currents. So far as I know, these results are only 
published in patent specifications. There are many other most interest- 
ing problems in connection with the grading of cables for use on high- 
tension continuous-current systems. 

The favourite subjects for mathematical papers at the present time 
are in connection with the calculation of coefficients of self and mutual 
induction. The important lists of these formulz recently published by 
the Bureau of Standards are very helpful, and Professor Morgan Brooks 
of Illinois University has shown that in certain practical cases the com- 
putation can be made quite simply. There are many simple theorems 
which seem to be practically unknown. You are probably not aware 
that the mutual inductance between a circuit formed of two parallel 
wires and a circle placed on them is simply 4 times the distance 
between the wires. It is independent both of the radius of the circle 
and of the position of its centre. It is certainly a neat theorem and it 
is very easily proved. A more general cate was set as a problem in the 
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Mathematical Tripos for 1896, and it seems to me to be worth rescuing 
from oblivion. 

A well-known problem discussed by Maxwell and Gauss is the form 
of the circular coil which has the maximum self-inductance, the length 
of the wire being fixed. Their conclusion is that the radius of the cir- 
cular axis ought to be 3:22 times the radius of the cross section. But 
the formula they give for the self-inductance is about 3 per cent too 
small. I have recently found that the maximum value of the self- 


inductance can be computed by the formula о'бї n? Р, where / is the 
length of the insulated wire and s is the number of turns per square 
centimetre of cross section. So long as the ratio of the radius of the 
cross section to the radius of the circular axis lies between the values 
0'3 and o'4, the above formula will give the self-inductance with a 1 per 
cent accuracy. It follows readily that the longer the wire the less the 
time constant of the coil. This is obviously of importance in the design 
of reactive coils. | 

Fritz Emde has recently found that for a given length of wire 
wrapped as a single layer coil on a cylinder a maximum self-induct- 
ance is obtained when the diameter of the cylinder is 2:4525 times the 
length of the axis of the coil. The maximum value of the self-induct- 
ance in this case only varies as B, and so the utilization of the wire is 
not so effective as for a circular coil of circular cross section. - 

If we assume the electron theory, it is easy to see that the 
methods of computing self-inductance are at fault, for we neglect 
the kinetic energy of the electrons. A paper discussing this, and 
making an estimate of the magnitude of fhe error introduced by this 
neglect, would be of value. 

The final mathematical subject I shall mention is the method of 
duality. In geometry the method of duality enablcs us when we are 
given a theorem concerning points and lines to deduce a reciprocal 
theorem concerning lines and points. It follows, for instance, from the 
theorem that the three diagonals of a hexagon described round a circle 
meet in a point, that the points of intersection of the opposite sides 
of any hexagon inscribed in a circle lie on a straight line. An exactly 
similar method can be applied in technical work. For instance, when 
Ayrton and Sumpner described the three-voltmeter method of measur- 
ing power, Fleming at once invented the three-ammeter method. 
Dynamos, motors, choking coils, condensers, electromagnetic instru- 
ments and methods, etc., reciprocate into motors, dynamos, condensers, 
choking coils, electrostatic instruments and methods. Series recipro- 
cates into parallel, and star into mesh. Inventors frequently seem to 
be guided to their discoveries by the conscious or unconscious use of 
this method. i 

Another most promising subject is an investigation of the conduc- 
tivity of dielectrics, when tested with alternating currents of high fre- 
quency. I should advise all of you who have not already done so, to 
study Dr. Fleming's paper on this subject, published in the Fournal * 

* Fournal of the Institution of Electrical Engineers, vol. 49, p. 323. 1912. 
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last session. The extraordinary variations in the temperature со- 
efficient of celluloid seem well worth further investigation, both 
theoretical and experimental. Dr. Fleming's conclusion that at zero 
Kelvin all good dielectrics have zero conductivity, and all pure metal 
conductors have infinite conductivity, seems to form a sound basis on 
which to build a theoretical superstructure. 

At the present time it is very necessary to keep an open mind. À 
hundred years ago the inhabitants of London were delighted by the 
installation of gas lamps on Westminster Bridge. This feeling has 

|». apparently worn off ; but he would be rash who would prophecy what 
kind of illuminant will be used for street lighting a hundred years 
hence. We are on the eve of discovery of new sources of energy. 
You will have plenty of work in devising methods for converting 
them into light and heat with the highest efficiency. 

Beware of despising what are apparently only petty laboratory 
experiments. It is worth remembering that sixteen years ago our 

- President, William Duddell, was only a student of this Institution. His 
most valuable discoveries—for which last week the Royal Society 
awarded him a Hughes medal—were made when experimenting in the 
laboratory of the City and Guilds Central Technical College. His pre- 
decessor, Dr. S. Z. de Ferranti, when little more than a boy, was led to 

«the invention of the Ferranti machine by studying by means of a little 
compass needle the magnetic field round a Siemens machine on which 
he was working. Cavendish and Coulomb when experimenting with 
pith balls were doing as important work as any that has been done 
since. 

Our experiments on radio-activity with the help of electroscopes 
will doubtless seem crude to posterity, but they will envy us the oppor- 
tunities we possess for widening the boundaries of human knowledge. 

Macaulay, in 1835, suggested that mechanical powers might be dis- 
covered which would supersede the use of steam. I do not suppose 
that his words carried much weight with the engineers of the period. 
Yet petrol engines used in motor omnibuses and aeroplanes would 
doubtless have astonished them. I am quite certain that if we could 
see fifty years ahead we would be vastly more astonished at the pro- 
gress of engineering than Macaulay's contemporaries would have been 
if they had seen aeroplanes and listened to a voice speaking on the 
other side of the Atlantic. Engineering advances in a geometrical 
progression. ‘There are infinite possibilities in the future, and it would 
be foolish to suppose that engineering is nearing finality. 

It is certain that some of you will play an important part in the 
coming industrial revolution. It is meet, therefore, that you equip 
yourselves to the best of your ability with those theoretical tools 
which are becoming more and more necessary, the more refined, 
the more difficult, the more abstruse the problems become which 
have to be solved. May you all quit yourselves like men, and with 
the help of the illuminating torch of science make natural forces 
more and more the servants of humanity. 
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Proceedings of the Five Hundred and Forty-ninth 
Ordinary Meeting of the Institution of Electrical 
Engineers, held on Thursday, 13th February, 
1913—Mr. W. DuppeLL, F.R.S., President, in 
the chair. 


The minutes of the Ordinary Meeting held on 23rd January, 1913, 
were taken as read, and confirmed. 


Messrs. C. W. Smith and C. C. Hawkins were appointed scrutineers 
of the ballot for the election and transfer of members, and, at the end 
of the meeting, the result of the ballot was declared as follows :— 


ELECTIONS. 


As Members. 


Henry Newton Baker. | Francisco Bhering. 
William Williams Blunt. 


As Associate Members. 


Harold Edwin Annett. John Elliott Brown. 
Charles Leonard Arnold. Arthur Horace Cheeseman. 
Frank Harrison Barnett. Leonard Owen Cox. 
William Skingley Barter. Harold Belbin Fisk. 
Frederic Charles Baumann. Hugh Whitmore Franks. 
Robert George Beer. Bertram James Grigsby. 
John Bemrose. Daniel A. Hackett. 
Joseph Charles Bentley. | William Gathorne Hardy. 
Louis Frank Bickell. Charles Stewart Jeffrey. 
William Thomson Bottomley. William Kidd. 

Henry Brown. Guy Hatchard Langdon, 


VoL. 50. 84 
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ELECTIONS—continued. 


As Associate Members—continued. 


William John Lee. George Eli Riley. 
Samuel Lees. Heinrich Rocky. 
Gerald Bruce Lincolne. David Barclay Ross. 
James Kenneth MacDougall. Ernest Rothwell. 
Edgar Moxon. Robert Sell. 

Ernest Douglas Pearmain. Hermann Sloog. 

Cecil Marsden Perrin. Harry Berriman Smith. 
Geoffrey Porter. Arthur Garnet Tucker. 
Norman Vincent Raven. James Alfred Whatnall. 
Richard Homewood Redman. William Smith Wilson. 


James Young. 


As Associates. 
Adam Gowans Whyte. 


As Graduates. 


Robert Struthers Begg. Stuart Aitchison Laird. 
Henry Graville Bennett. Amar Nath. 

Robert Chalmers Black. George Ollier. 

Eric James H. Bluett. James William Slorach. 
Henry Isaac Booth. Warren Storcy. | 
Christopher J. Brady. Edmund Ernest Walker. 
Edward Tindall Cook. William Blackmore Ward. 
Edward Edwards. William John T. Williams. 


Arthur Noel Glover Wood. 
As Students. 


Alfred Thomas Bradley Betts. James Mark Heslop. 
Vernon Hazzard Gutteridge. Arthur Stafford Kettle. 
TRANSFERS. 

From the class of Associate Members to that of Members :— 
Arthur Hinton Allen. Henry Ashley Madge. 
Robert Harry Campion. . Harry Bryant Matthews. 
George Pollard Dennis. John Frederick Nielson. 
Edgar Isaac Everett. John Digby Pember. 
William Fennell. Harry Leonard Percy. 
Arthur William Fithian. William Griegson Pickvance. 
Edward Graham Fleming. Hugh Innes Rogers. 

Percy Good. Edward Churchill St. John. 
Alfred Henry Irvine Graham. John Severs. 

Selwyn Seafield Grant. Cyril Morley Shaw. 

Adolf William Isenthal. William Bolton Shaw. 


Francis Maddison Long. Ernest John Summerhill. 
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From the class of Associates to that of Members :— 


Rowland Edward Dixon. Ganendro Prosad Roy. 

Arthur Edward Hadley. Harry Scholey. 

Henry James Nisbet. Robert Ellis Shawcross. 
From the class of Associates to that of Associate Members :— 

Montague James Allward. Arthur Marston. 

William James Rendle Baker. John Frederick North. 

Sydney Dale. Abraham Denby Raine. 

John Alfred Edmondson. Albert Edward Salisbury 

Henry Okazaki Fleetwood. Robinett Scruby. 

Walter Graham Hodgson. Claude Edward Vance. 

Henry Stockdale Ingleby. Charles Jebb Vaughan. 

Ernest James Marsh. James Young. 


From the class of Students to that of Associate Members :— 


Rex Thomas Challoner. Hugh Melbourne Hart. 

Reginald Woolton Fowler. William Eccles Jones. 

William Rolande Harding. Percy William Scholefield. 

Henry Moore Harrison, B.Sc. Edgar Harold Turle. 
(Tech.). 


From the class of Students to that of Graduates :— 


Meer Laig Ali. , John Bernard Murray. 

John Raldolph Boyer. | Frederick George Ride. 
Arthur Frederick N. Chandler. | Antonio Rodrigues Teixeira. 
Ralph Larkworthy. | Roger Beverley Walker. 


A paper by Mr. A. R. Everest, Member, entitled “Some Factors in 
the Parallel Operation of Alternators" (see page 520), was read and 
discussed, and the meeting adjourned at 9.10 p.m. 
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SOME FACTORS IN THE PARALLEL OPERATION 
OF ALTERNATORS. 


By A. R. EvEREST, Member. 


(Paper first received. 12th December, 1912, and in final form 15th Sanuary, 
1913; read before THE INSTITUTION 13th February, and before the 
BIRMINGHAM LOCAL SECTION 12th February, 1913.) 


In connection with the parallel operation of alternators it is well 
known that serious trouble from “hunting” may occur unless the 
system has such characteristics as to prevent the natural oscillating 
frequency from approaching resonance with the frequency of the engine 
impulse. 

Many treatises have been written upon the subject, giving formulz 
for determining the natural frequency from the alternator characteris- 
tics and a given amount of flywheel effect, or conversely to determine 
the amount of flywheel needed to give the system a predetermined 
natural frequency. Unfortunately, however, the results obtained in 
actual practice often differ seriously from those indicated by the 
formulz. Attention has been called to these discrepancies by various 
writers at different times, showing that they are due to the neglect of 
some important factors; but it is believed that no practical treatise 
including the needed correction exists at present, at least in the 
English language. 

These notes aim to show clearly the nature and importance of the 
correction necessary, and a means of applying it. Some practical cases 
are given in illustration. Notes are added upon the effect of load, the 
calculation of combinations of dissimilar sets, and the general specifica- 
tion of requirements to be met by the flywheel. 


THE NATURAL OSCILLATING FREQUENCY. 


Formulz for calculating the natural oscillating frequency of an 
alternator as one of a similar pair, or as a single machine connected 
to a system of indefinitely large capacity, have been published 


many times. 
All methods are based on the well-known equation for oscillatory 


motion :— 
displacement 
T=27 Ui pe 
acceleration 


where T is the time in seconds for one complete oscillation. 
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This in the case of an alternator may be conveniently expressed in 
the form— 


А K» х cycles 
»==9`70 foot-tons - 
where— 
fo = the frequency of the oscillations per minute ; 
foot-tons = the stored energy of the revolving parts at normal speed ; 
K, =the kilowatts of synchronizing power corresponding 
to one radian (electrical) of displacement from the . 
mean position of uniform rotation. 


The derivation of this equation is given in the Appendix. It is 


$ 


Ampe per phase 


о 
д 2000 4000 6000 6000  /0000 2000 /4000 16000 18000 0000 


Field Ampere Turns per Fole 
FIG. I. 


important to note that in whatever form the equation for oscillating 
frequency may be expressed it always contains a term corresponding to 
K,, the synchronizing power proportional to unit angular displacement 
from the mean position of uniform rotation. 

Fig. 2 represents the E.M.F. triangle for two machines when de- 
phased. It is readily seen that the cross-voltage or impedance E.M.F. 
consumed in one machine (C A) for a small angle of deviation from 
mean position is proportional to the radius voltage for one radian 
of deviation. The value of K, is therefore determined by the amount 
of current which flows as cross-current to consume in one machine a 
cross-voltage equal to the working voltage. 

It is in the proper determination of the K, value that errors arise. 
The usual methods indicate that this shall be determined from the 
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current which will circulate in the machine on short-circuit with excita- 
tion corresponding to theair-gap excitation for no-load working voltage. 

(Some writers employing the method just described insert the full 
ampere-turns of open-circuit excitation instead of the ampere-turns 
required at the air-gap. This is obviously wrong. In Fig. 1, which is 
a typical curve of open-circuit excitation, only the part A B represents 
the magnetizing force at the air-gap ; the remainder, B C, being con- 
sumed in saturating the magnet poles, should therefore not enter 
into the short-circuit test where saturation is absent. The effect of 
this discrepancy will be referred to later.) 

But in the case of power exchange current between two machines, 
the amount of current flowing due to a given cross voltage is much 
larger than when consuming the same voltage on short-circuit, hence 
the synchronizing power as determined from the short-circuit test is 
usually far too low. 

With the small angles of deviation which occur while “ hunting " 
in parallel operation, the cross voltage to which the exchange current is 
due is sensibly at right angles to the machine voltage. The circuit 
through two machines being highly inductive, the circulating current 


| 
pole arc cross reactance 


Reciprocal. 


Ratio pole pitch’ Ratio opposing reactance ` 
no | 1°00 ГОО 
0'9 0°73 | 137 
o'8 i O'51 | 1'97 
| 
o 035 | 2°85 
| 


lags nearly go° behind the cross voltage which produces it; thus оп 
the short-circuit test, or with two machines 180° apart, the circulating 
current is dephased go? from the machine voltage; it exerts a direct 
demagnetizing effect upon the field poles, and produces no synchroniz- 
ing power. 

But when the cross voltage is at right angles to the machine voltage, 
the resultant cross current is in phase with the machine voltage ; there- 
fore it is true power current, and as a non-inductive current exerts 
distorting effect upon the field flux, instead of direct demagnetization. 

The reluctance of the cross magnetization path is usually quite 
different from that of direct demagnetization, and the current flowing 
to wipe out a given amount of cross voltage will often be two or three 
times as much as when cancelling the same amount of voltage by 
direct demagnetization of the main poles. In other words, the real 
synchronous impedance which is active when “hunting” may differ 
widely in value from that measured on short-circuit tests; and the 
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latter quantify cannot give the correct value for synchronizing 
current. This effect was pointed out by Goldschmidt * as far back as 
1902. He gave the correction factors shown in the table on p. 522. 

Hobart and Punga іп 1904 1 gave a practical treatise on the analysis 
of these distortions. 

Punga has more recently f given results of actual tests, pointing out 
the large errors resulting from neglect of this feature. 

Schüler has given correction factors $ which he found necessary to 
bring calculations by the ordinary method into agreement with observed 
results. 

Rezelman|| has discussed the same subject, including the modifying 
effects of saturation. 

In order to determine the proper value of synchronizing power 


8 C /moedance A 


Busbar £F MF. 


FIG. 2. 


(K,) to be inserted in the equation for oscillating frequency, we may 
therefore employ the value obtained from the short-circuit test multi- 
plied by a factor depending principally on the shape of the poles. 

In Fig. 2, O A, O B represent the open circuit E.M.F.'s of two 
machines which are dephased, one behind and one ahead of the mean 
position by theangle 6. If the machines are in parallel, O C represents 
the mean or busbar E.M.F., and it is assumed that cross current will 
flow between the machines sufficient to consume the cross E.M.F. 
A Cor C Bin the synchronous impedance of one machine. 


* Elektrotechnische Zeitschrift, vol. 23, p. 980, 1902. 

t Transactions of the American Institute of Electrical Engineers, vol. 23, p. 291, 1904. 
+ Elektrotechnische Zeitschrift, vol. 32, p. 385, 1911. 

{ Ibid., vol. 32, p. 1199, 1911. 

|| Lumière Électrique, vol. 15, p. 67, 1911. 
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But a method based on Hobart and Punga's analysis appears 
preferable. 

In Fig. 3 the angle A O C of mechanical displacement is divided into 
two parts, and ф is the amount by which the flux axis is displaced from 
the pole axis by distortion due to the cross current flowing. Theactual 
E.M.F. triangle is D O C (for one machine), and the real cross voltage 
D C is consumed as reactive drop in the machine winding. 

The angle of mechanical displacement corresponding to any as- 
sumed value of cross current, for instance, normal full-load current, is 
readily found. The angle D O C is given at once by the reactive drop, 
and we find the angle of flux distortion for any type of pole by the table 
given below. 


armature ampere-turns per pole, all phases 


field ampere-turns per pole at air-gap Nm 


Distortion angle — 


pole arc | | 


Ratio pole pitch K in Degrees. 
04 70 
O'S 10'0 
0:6. 13°5 | 
0'7 18:0 | 
o'8 24'0 
0'9 3ro | 
I'O 40°0 


NOTE.—When the air-gap increases in depth from the centre towards the edges 
the effect is further to decrease the effective width of the pole arc. For such cases a 
correction of то per cent is suggested. 


These two angles together give the displacement angle for one 
machine at the chosen value of cross current, and hence the cross 
current and synchronizing kilowatts proportional to one radian dis- 
placement are at once known. 

The values indicated for flux distortion in this table are derived from 
Hobart and Punga's analysis referred to above, and are believed to be 
in good agreement with the relations determined by other writers upon 
the subject of armature reaction. The references given will assist 
those who wish to obtain greater accuracy in the case of high 
saturation or other special features. 

In the case where the field magnet is a continuous cylinder with 
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pole arc equal to pole pitch it will be found that this method gives sub- 
stantially the same result as the short-circuit method. As an instance, 
let the total armature ampere-turns per pole be 60 per cent of the field 
ampere-turns expended at the air-gap. From the table the distortion 
angle is 06 х 40 = 24°. The short-circuit test, taking as usual the 
E.M.F. of armature reaction to be 0707 of the ampere-turns, 
would give (if winding reactance were negligible) an impedance 
E.M.F. = 0:6 x 0'707 = 42'4 per cent of the open-circuit voltage, which ` 
as tangent corresponds to an angle of 23? in Fig. 2. 


But for the form of pole generally employed on flywheel alternators, 
if the pole arc is 60 per cent of the pole pitch, the table on p. 524 shows 
that the distortion angle for the same current is only one-third that 
in the former case, so that the synchronizing current flowing for a given 
angle of displacement would be very much larger than indicated by 
the short-circuit method. 

The value of winding reactance employed in this method should, as 
suggested by Hobart, include only that part which lies within the 
armature surface, and must not include that part due to reactance flux 
which crosses the air-gap and passes along the pole face, since this 
portion is taken into account in the flux distortion. In general, it 
is sufficiently accurate to take a value of winding reactance E.M.F. 
one-half that determined in the usual way. 
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It may be mentioned here that wherever armature ampere-turns are 
referred to in this paper the “ effective value" as corrected for coil pitch 
and distribution factors should be understood. 

Some practical applications will best show the inaccuracy of the 
ordinary method :— j 

Case 1.—1,500-kw. machine with constants shown below. The 
oscillating frequency calculated by the short-circuit method was 405 
per minute. The “distortion” method indicated a natural frequency 
of 68. 

The frequency by actual test was 68. This test was made by 
throwing two similar machines together while slightly out of phase, 
and timing the oscillations of the instrument needles. 


Machine, 1,500-kw., 2-phase, 50 cycles. 

Volts, 6,600. 

Amperes per phase for 1,500 k.v.a. = 114. 

Armature ampere-turns per pole (effective), 4,940. 
Armature reaction, 3,500. 

Field ampere-turns on short-circuit, 4,150. 

Reactance volts (deduced), 7:2 per cent. 

Total flywheel effect at normal speed = g,600 foot-tons. 


Fig. 1 shows the open-circuit and short-circuit tests on this 
machine. 


Shorl-circuit Method.— 
Open-circuit excitation at air-gap Sue ... 9,200. 
Short-circuit excitation for 1,500 k.v.a. ... ... 4,150. 


Value of K,  ... p ... 1500 X 9206. = 3,330. 
| 4150 


Oscillating frequency 9776 , / 330 X 5° — 40'5 per minute. 


* Distortion” Method.— 


Pole arc 
Pole pitch = 65 per cent. 

(Gap was twice as wide at pole edges as at centre, therefore equiva- 
lent pole ratio = 60 percent.) 

For 114 amperes per phase = 1,500 k.v.a. 

72 
2 
Corresponding angle = 2*0 degrees. 


Reactance volts —- = 3°6 per cent. 


1 i 4940 ‘cso 72d 5. 
Distortion angle o X 13°5 = 7'2 degrees 


Displacement angle 9:2 degrees. 
K, proportional to one radian displacement— 


1500 X = 9,300 Ka. 


1918.] OPERATION OF ALTERNATORS. 527 


Natural frequency— 
976, / em = 68 per minute. 


NoTE.—Without the correction for variable air-gap this works out 
to a frequency of 63. 


Case 2.—Another interesting case which occurred some time ago 
was that of two large low-speed sets designed for close regulation, and 
operating at 94 revs. per minute. The sets were intended to operate 
around 2,100 volts, but while fairly steady at 2,200 volts could not (in 
their original condition) be operated together between 2,000 and 1,700 
volts, due to the excessive hunting which occurred within this range, 
indicating resonance between the natural frequency and the engine 
speed at about 1,800 volts. 

Experiments were made in raising the poles to reduce the air- 
gap excitation, cutting out part of the stator windings, and inserting 
reactance between the machines. * . 

Short-circuit and open-circuit characteristics were determined for 
each of the conditions (except the last). Below are shown the natural 
frequencies calculated by the short-circuit method, and by the “ distor- 
tion” method, for the observed critical voltage for each condition. 


Calculated Natural Frequency at 


| T Critical Voltage. 
` Condition. сайры Voltage. à 
| By Short-circuit. By Short-cireuit. | By “Distortion” “ Distortion.” 
(a) Original .. 1,800 | 68 Cw v ш 96 
(b) Gap reduced on | 
one machine ... 1,900 | 65 97 
(c) One machine gap | | 
reduced and 4 | | 
| of stator turns | 
cut out.. 1,800 | 65 95 


(d) As (b) with 4 of | 

stator turns cut | ! 

out on both | 
machines ae 1,650 | 61 \ 90 

(e) As (a) with react- . | | 

ance between > | | 

machines soe 2,200 (?) — | 

| | 


| 

| 

| 

сне bn | 
Calculated by the short-circuit method, the flywheel actually present 
should have given at 2,200 volts a natural frequency of 74, thus safely 
below the engine speed, and with increasing margin for lower voltages. 
By the “distortion ” method the natural frequency at 2,200 volts is 111 
per minute, and approaches still nearer to the engine speed as the vol- 
tage is reduced. Actually,as we see, the operation becomes worse with 
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changes which are known to reduce the natural frequency, such as re- 
ducing the operating voltage, reducing the air-gap, or adding reactance, 
while the stability was increased by reducing the active turns of the 
stator winding so as to increase the frequency. All this shows that the 
original natural frequency was above the engine speed, as the “ dis- 
tortion ” method indicates. 

It may be here mentioned that if calculated by the short-circuit 
method, taking not only the ampere-turns at the air-gap but also those 
absorbed in saturating the pole as all available in producing 2,200 volts 
at the air-gap, a frequency of от instead of 68 is obtained. The fact 
that a near approach to observed results is obtained by this means, no 
doubt accounts for the inclusion of these ampere-turns lost in satura- 
tion by some who still advocate the short-circuit method. Several 
other records of actual tests showing the inaccuracy of the short- 
circuit method will be found in the references previously given. 


THE EFFECT OF LOAD. 


So far the^no-load conditions only have been considered. It 1s 
important to know how the results are modified when operating 
under load. 

Some writers have advised increasing the short-circuit ratio in pro- 
portion to the increased excitation under load. Some, on the other hand, 
have claimed to find no observable difference in the natural frequency 
due to the presence of load. 

Schiiler, in the paper referred to, advised increasing the ratio by an 
amount equal to the increased excitation for non-inductive load, and 
suggested 10 per cent increase in the assumed field strength. 

Górges* and Boucherot + indicate that for any load condition the 
natural frequency should be calculated, not on the terminal voltage, 
but on the higher voltage which must be generated internally to 
overcome the impedance drop of the machine windings. This 
method would appear to be correct. 


DISSIMILAR MACHINES. 


The discussion so far has been limited to the case of two simular 
machines, or one machine connected to a system of indefinitely 
large capacity. It more often happens that a new machine is required 
to operate with one of older type. The new machine may be a turbo- 
alternator, which while introducing no periodic disturbance yet might 
introduce such constants into the system as to make it approach 
resonance with an existing steam engine. 

The following method of treatment has been found useful :— 

In the case of two similar machines, A and B, let Z represent the 
synchronous impedance for non-inductive current in each machine. 
If the electrical constants of machine B are now so changed that 


* Elektrotechnische Zeitschrift, vol. 21, p. 188, 1900, and vol. 23, p. 1053, 1903. 
t Bulletin de la Société Internationale des Electriciens, vol. 4, p. 495, 1904. 
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operating as one of a similar pair the synchronizing power is halved, 
then Z, — 2 Z,. 

With A and the changed B machine operated together, the 
synchronizing power corresponding to any displacement angle will 
be two-thirds that of the original pair. 

In general, and writing Ka, K» for the K, values of A and B 
respectively, each calculated as one of a similar pair, then the 
resultant value for machines A and B operating together is— 


crys: K.K, 
=2 KFK 


which expression may be substituted for К, іп the numerator of the 
equation for natural frequency. 

Similarly with two unequal flywheel effects the resultant value may 
be expressed in the form— 


ab 
TTA 

For, starting as before with a similar pair, and leaving electrical 
constants unchanged, let the foot-tons of B machine be doubled. The 
synchronizing power being equal in both machines at any instant, 
B machine will now only swing half as far as A in the given time. 

When machine A has swung through a given angle 9, the total 
separation angle is now only 1'5 0 instead of 20. The resulting cross 
voltage, and therefore synchronizing current, is diminished in the same 
proportion, the effect being equivalent to an increase in “foot-tons” to 
four-thirds the original value. 

Writing Ta, Т, for the foot-tons of flywheel effect in machines A 
and B, the resultant effect is— 


T. T, 


E om 


For two machines with any values of electrical constants and fly- 
wheel effect, we then have the natural frequency— 


К, K, (T, + Ts) 


= 9°76 : 
97 VÀ cycles x T. T, (K, 4- E;) 


FLYWHEEL REQUIREMENTS. 


When specifying the flywheel to be supplied in connection with an 
engine-driven alternator it is usual to stipulate that the total amount 
of flywheel effect present must be such as to satisfy these two 
conditions :— 

(a) The angular deviation from uniform rotation due to cyclic 
irregularity of the engine must not exceed 24 electrical degrees (shaft 
degrees multiplied by the number of pairs of poles). An expression in 
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terms of cyclic speed irregularity is usually preferred by the engine- 
makers. The following is a convenient expression :— 


Permissible limit of cyclic speed irregularity = 1, where— 


I OR 
a 6 x (number of poles)’ 


k is the number of engine impulses per revolution. (The derivation of 
this equation is given in the appendix.) But in no case should the 
irregularity be worse than 1/150. 

(b) To avoid trouble from resonant hunting sufficient flywheel effect 
should be provided to ensure that the natural frequency of the machine 
shall be at least 20 per cent different from the frequency of the 
predominating engine impulse. The predominating impulse in a 2- 
or 4-stroke cycle engine always occurs with the frequency of the cam- 
shaft, and is independent of the total number of cylinders contributing 
to the turning moment diagram. Thus іп a 2-cycle engine running at 
200 revs. per minute the flywheel would be designed to give a natural 
frequency below 160, but in a 4-cycle engine running at 200 revs. per 
minute the cam-shaft speed being 100 revs. per minute, it would be 
necessary to design the flywheel to keep within a natural frequency of 
80 per minute. 

For operating alternating-current generators of ordinary regulation, 
the total amount of flywheel effect required for each kilowatt 'of rating 
may be indicated by the following formula— 


The flywheel effect in foot-tons of stored energy at normal speed 


кыре A E TOEI per CURING сусе. 
r.p.m. 


APPENDIX. 


I. CYCLIC SPEED IRREGULARITY. 


Let = represent the cyclic speed irregularity, 


max.—min. 
mean 
n = revs. per second, 
k = impulses per revolution, 
n k = frequency of engine impulses per second. 


speed, 


radians E 


DM. = 2 х п. 
second 


Mean speed 


А 1 
Maximum excess speed = 2 an X = 
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217 


тп 
Меап ехсеѕѕ speed 2 Ж с 


This iu time of + engine cycle Ал} gives maximum displacement— 


27 I 


E 2: | 
а= x ry ee Zak in shaft radians. 


This in electrical degrees— 


_ _! 573? = 
= x (p = No. of poles). 
Degrees displacement = u3? н 


k x degrees displacement. 
I4'3 X poles 


For 2:4 degrees displacement— 
I k 


a 6 x poles 
2. FLYWHEEL EFFECT REQUIRED PER KILOWATT. 


= 03 X poles x (strokes per engine cycle)’ 
ш r.p.m. 


Derivation.— Fundamental simple harmonic equation— 


т ee ng we o ee =жй) 
acceleration 


This may be expressed in the form— 


T » X cycles 
quce 9 76 *focttons ^ "C Nx (2) 
or— 
_ K x cycles 
fo=970 NA ECE tons per kilowatt ^ ° 7 " ' (3) 


where f, is the oscillating frequency per minute, K,, the synchronizing 
power proportional to unit displacement from mean position of uni- 
form rotation for one machine, and K is the K, value divided by the 
kilowatt rating of the machine. 

Again, f, is not to exceed 8o per cent of the engine impulse 
frequency— 

_ 08 x (г.р.т.) x 2 

f= токе per engine cycle ' kem 0 
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„ _ 756 х (r.p.m.)? 
(^) = ^ Strokes? AMT Eu (5) 
From (3) it is also— 
— _95 X K x cycles (6) 
~ foot-tons per kilowatt °° "^ * " ' ' 


Combining (5) and (6)— 


foot-tons per kilowatt = 95 X K x cycles x strokes* 
2:56 X (г.р.т.) 


__ 37 X K x cycles x strokes? (7) 
Ad (г.р.т.) A 
or, substituting poles for cycles— 
(r.p.m.) x poles 


cycles — 
y 120 


37 X K x (r.p.m.) x poles x strokes? (8) 


foot-tons per kilowatt = 120 X (r.p.m.) 


.. 0'308 х К x poles x strokes? 
т (r.p.m.) si Ж ж М9) 


Taking K = 42 at full load for a machine of ordinary regulation 
(6 per cent to 7 per cent at unity power factor) we get— 


foot-tons per kilowatt of generator rating 


__ 1'3 X poles x (strokes per engine cycle? (10) 
(r.p.m.) ү 3 7 


NorE.—The generator rating is given in kilowatts as being more 
convenient to the engine-builders, but with the assumption that the 
generator is designed to carry its rated kilowatts at o'8 power-factor ; 
the kilowatt rating is therefore 80 per cent of the k.v.a. rating. 


3. DERIVATION OF THE EQUATION FOR OSCILLATING FREQUENCY. 


Oscillations per second = =a ACCE ENUON : (1) 
27 displacement 


Let ? — number of pairs of poles, then for any angle 0 of displacement 


of the flywheel from the mean position of uniform rotation, the elec- 


50 


trical displacement angle is = 


Let Kw =the synchronizing power in kilowatts corresponding to 
unit angle of electrical displacement, then for a displacement angle @ of 
the flywheel the accelerating power is— 


Kob? алока 
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This in pounds force at 1 ft. radius becomes— 


_ Kw X 737 X бо yh? (3) 
ec EN X7 CUR GAS SS 


where N =r.p.m. 
accelerating force 


Since acceleration = —— — S, 
moment of inertia 


Ib.-ft. 
3 - (4) 


Kw х 737 х 60x 32 x P0 (s) 
2x N x lb-ft? x 2 BM 


and the moment of inertia of the rotating parts — 


the acceleration = 


N poles 


Also since the electrical frequency ( Co )—6 єс X , the acclera- 


tion may be written— 


Ко х 737 X бо x 32 X 59 . QU x 60 x 2 (6) 
2x N x Ib.-ft.2 x 2 Np MERE: 
This becomes— 
Kw N 135 X 1080 


acceleration = № x Ib.-ft? €— PITT 


From (1) the oscillating frequency per minute 


60 "i acceleration 
f — —————, 
2 т 0 


substituting the value for acceleration from (7), this becomes— 


„_ бо /K^DISs X 1080 
icf iEn AND I S 
омук 
ae lb.-ft." 
= 25300 /Кех © i 
= N EU CIELO 


For general use it is preferable to express the flywheel effect in 
terms of stored energy at normal speed, eliminating the actual r.p.m. 
and the number of poles. . 

The stored energy of the revolving parts is given by— 


Foot- тта X 0) х! 
2 X 32 бо 2240 


—lb.ft*x № х 765 X 10-8 . .. . . . (10) 
From (9) апа (10), therefore, the oscillating frequency per minute 


Kw X N 
= 9'76 RoE к Se ne ce xe owe es AE) 


Vor. 50.—85 


k 
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DISCUSSION. 


Erle Professor MILES WALKER : This subject is assuming more and more 
| importance every day now that the Diesel engine has given a new lease 
of life to the engine-driven alternator, a machine which had somewhat 
waned owing to the popularity of the turbo-generator. We may in the 
future often have to use formula of the kind given in this paper, and it 
is well to know those which give somewhat closer results than the crude 
formula hitherto in use. We must not suppose, however, that the old 
formula was so very far from accurate, because as a matter of fact in 
the way in which it was applied it used to give not such very bad 
results. The author has said that it is not right to take the ampere- 
turns upon the pole face when considering this question, but only to 
consider the ampere-turns impressed upon the air-gap. That is quite 
correct so long as we have no saturation in the pole face or inthe teeth 
of the armature ; but where there is saturation in the pole face—many 
turbo-generators have a considerable amount of saturation there ; but I 
do not suppose the author had those in view, his remarksapplying more 
particularly to the engine type of machine—then the ampere-turns on 
the teeth or the pole face are of just as great importance as the ampere- 
turns on the air-gap. We ought therefore to take a rather higher value 
than the ampere-turns on the gap. I am sure that most of the designers 
who used the old formula, based on the short-circuit current, knew 
that it was not exact. They were aware that it was only a first approxi- 
mation, and they knew that the synchronizing current would actually 
be rather greater than the value obtained by the simple calculation. 
For that reason, as a sort of cómpromise, they took the whole ampere- 
turns on the pole, as that gave a higher value. It was a rather crude 
method, but it gave good results. As a matter of fact, the old formula 
has been of very great service to designers in specifying flywheels. 
We do not try to ascertain which particular flywheel will resonate ; all 
we want is to design a flywheel that will not resonate, and we there- 
fore try to get as far away as we can from the danger-point. For that 
reason it was not very necessary to know evacily where the danger-point 
lay. The authors paper enables us to find out more accurately the 
position of the danger-point. His formula will also be of great service 
in connection with the design of rotary converters. I am quite sure 
that a great deal of the bad reputation of high-frequency rotary 
converters in the past was due to resonance with some disturbance 
having the frequency of the supply. In the old days, when everybody 
thought that all that was necessary in order to design a rotary was to 
fit slip-rings to a continuous-current armature, it was only natural that 
machines should have been put upon the market which often resonated 
with cyclical disturbances on the system. This was one cause, though 
of course not the only cause, of hunting with these early rotary 
converters. 
It may be of interest to show a tachograph record taken with a 
60-cycle rotary converter whose natural period of swing happened to 
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be almost the same as the period of a disturbance on the engine. 
Fig. A shows the oscillating change of speed of a 60-cycle rotary 
converter when switched on to the supply. It will be seen that the 
converter first gets into step with the disturbance, then goes out of step, 
then into step again for a rather long period, then out of step again, and 
finally it breaks step and stops altogether. This matter is of great 
importance commercially, because if we are to avoid that kind of 
behaviour in rotary converters it is necessary to inquire very closely 
into what are the disturbances in a circuit, and then we must apply the 
author's formula so as to find out what constants we should give to the 
machine in order to avoid resonance with any disturbances that are 
known to exist. An interesting case arose a short time ago where it was 
necessary to build a 1,000-kw. rotary converter to deliver 5,000 amperes. 
This necessitated a machine with a large number of poles—a machine 
which one would expect to be rather sensitive to resonance with a low- 
frequency disturbance. In that case the precaution was taken of 
finding out beforehand what was the frequency of the disturbance. A 
tachograph was put upon the engine supplying power to the circuit, 
and a comparatively small disturbance having a frequency of 115 cycles 
per minute was observed. Under certain other circumstances, with 
another engine running, there was a rather larger angle of variation, 
the frequency being 75 cvcles per minute (Fig. B). It was necessary, 
therefore, to design a rotary converter which would not resonate either 
with 75 or with 115 cycles per minute. When an ordinary commercial 
machine was calculated out, it was found that the machine would have 
a natural period of phase-swing of about 75, so that if this investigation 
had not been made the machine was doomed to failure. It was also 
intended to change the continuous-current voltage of the machine by 
varying its excitation and using a reactance in series with the alternating- 
current side. That of course would have made a considerable change 
in the frequency of resonance, and even with considerable change in 
the design of the machine some value of the excitation would almost 
certainly have been found where the resonance would have become 
hopeless. What was done was to change the method of varying 
the voltage. An alternating-current booster was fitted upon the 
rotary converter so as to bring the rotary's excitation completely 
under the control of the operator, and independent of the supply 
voltage; then the air-gap was changed to raise the period of phase 
swing. We found it would be possible to make the natural period of 
vibration about 94 oscillations per minute, which would come fairly 
well between the 75 and the 115, and the result has shown that it 
is perfectly satisfactory. The rotary converter runs well and commu- 
tates well. The speed of course changes with the speed of the engine. 
Every good synchronous machine ought to keep in synchronism what- 
ever the variation of speed may be, and it is not a fault of the machine 
if it goes in jerks when the engine goes in jerks. The point is that we 
must not have resonance there so as to make the swinging worse than 
it ought to be. Any rules therefore that the author has given us to 
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ascertain more accurately by calculation the position of the danger- 
point are really of very great importance. The old rules we had were 
certainly a little at fault though they have served us very well. This is 
shown in the curves reproduced from Dr. Rosenberg's paper on the 
subject, and by his remarks on Mr. Everest's paper. 

Dr. S. P. Ѕмітн : Mr. Everest has certainly enabled us to make our 
calculations a little more exactly in such special cases of hunting as 
those to which he refers; the more we go into this subject, however, 
the more complicated it seems. There is a large amount of information 
available, but the difficulty is to know how to find any general rules for 
dealing with the matter. For example, in Arnold's new book, which 
was published at the end of last year, there are three long chapters on this 
subject. One of the most interesting cases dealt with, which shows how 
difficult the subject is, is with respect to the parallel working of gas- 
engine sets. He refers to three gas engines which would not work in 
parallel ; two were fed from a common supply pipe and the third from 
an independent pipe. Although it was found that the three alternators 
would work on a fairly big load, bad hunting occurred at light loads, so 
that alterations were necessary. A choking coil was introduced, a 
device mentioned by Mr. Everest, but that alone was not sufficient. 
The air-gap was also altered ; this again was not sufficient. Calculations 
showed that there was resonance between the gas in the supply pipe 
and the natural frequency of the set; in the end it was found neces- 
sary to decrease the weight of the flywheel. It has often occurred 
with internal combustion engines that too large a flywheel had been 
provided, and by removing some of the flywheel effect stable running 
was obtained. I should like to ask the author what has been his 
experience with damping windings and how he calculates their effect. 
The damping winding is not of much use on one machine running 
alone, unless perhaps in the case of a converter. But when there are 
several machines in parallel and an angle of displacement occurs 
between the pole system and armature field, a very strong pull will be 
set up if the damping winding is sufficiently ample. In the case of the 
machine lagging, the damping winding will act like an induction motor 
and tend to pull the machine into synchronism ; or, if the machine is 
trying to get ahead, the winding will act like an induction generator 
and hold it back. | 

The author shows in his paper—in fact, it is probably his chief 
object—that the effect of the polar arc has to be taken into account. 
It seems to me that if the polar arc has to be taken into account the 
power factor should also be considered ; because, after all, the position 
of the flux is affected not only by the load but by its phase with respect 
to the pole centre. Hence to calculate with the distortion method 
shown might not always lead to correct results owing to a difference of 
power factor, say, between the day (motor) load and the night (lighting) 
load. In such a case, the lamps might burn steadily at one time but 
not at another, owing to the variation of the power factor. One way to 
get rid of this effect of the power factor might be to use the non-salient 
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pole turbo-generator. I have often thought in considering parallel 
working that the non-salient pole machine is about as near the ideal as 
we can get, provided it has a constant air-gap, so that whatever the 
position of the flux its path hasa constant reluctance. In this machine, 
therefore, the flux can move over the armature in any desired manner, 
because the distribution of both the exciting and the armature magneto- 
motive forces is practically sinusoidal, therefore the sum of these two 
sine waves will always give a resultant sine wave of flux no matter what 
the load is. The flux simply moves over the armature, and in that way 
the non-salient pole machine with a constant reluctance throughout the 
whole circuit for all positions really appears to be the ideal machine 
from this point of view. I should like to ask the author if he has had any 
experience on this matter, more especially because such a rotor is emi- 
nently adapted for a damping winding when the slots are closed by wedges 
made of brass or some other metal and well fitted on to the winding 
covers at each end, whereby a perfect squirrel-cage winding is obtained. 
Such a machine should have a very powerful damping effect in case of 
hunting. Experience has shown that when damping windings are used 
they should be very ample; that is to say, a damping winding of small 
section, or an incomplete squirrel-cage winding, is only partially 
effective. A really good damping winding should be made with as 
low a resistance as possible, and practically a complete squirrel-cage. 

Dr. E. RosENBERG (communicated) : Mr. Everest's paper is valuable 
in so far as it deals with the difference between the actual synchronizing 
power for running conditions and that determined from the short-circuit 
test. I have always used short-circuit test figures, but I am sure Mr. 
Everest is correct in stating that for salient pole rotors the synchroniz- 
ing currents for running conditions are considerably higher than thosc 
calculated from the short-circuit test, especially if, according to his 
theoretical considerations, only the air-gap ampere-turns are taken 
into account. F. Punga, inthe Elektrotechnische Zeitschrift, vol. 32, p. 385, 
1911, gave some excellent examples of this. Previousto this, Dr. С. 
Huldschiner had published some experiments to determine the relation 
of the synchronizing forces, and these are in good general agreement 
with Punga's results. I have recently made some experiments myself 
with two sets of synchronous motor-generators, the motors having 
14 and the generators 6 poles. These machines could be paralleled 
on the 14-pole sides consecutively in different ways, so as to bring 
a given pole of one synchronous motor in coincidence with different 
poles of the second motor. Thus it was possible to obtain a measur- 
able angle between the vectors of the two 6-pole generators before 
paralleling them. After the generators were paralleled this angle 
would be divided between the generators and motors, and an exchange 
of power would take place: the first 6-pole machine, for instance, act- 
ing as generator, the second 6-pole machine as motor, the second 
14-pole machine as generator, the first 14-pole machine as motor. 
The measurement showed quite clearly what Messrs. Punga and 
Everest say : that the synchronizing power for a given angle of devia- 
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tion is considerably greater than that which would be measured from 
the short-circuit test with no-load excitation. Theoretically, therefore, 
I am in full agreement with Mr. Everest. As to the practical applica- 
tion, I must ‘say, however, that if not only the field ampere-turns for 
maguetizing the air-gap, but the full field ampere-turns for no-load and 
full-load excitation are t «ken into account, the figures obtained from short- 
circuit tests havc in my experieuce always proved satisfactory to avoid 
the “danger zone” for hunting in calculating the flywheel effect from 
these figures. I have never considered it possible to calculate the 
critical value of the flywheel effect to an accuracy of a few per cent, 
and then to make the flywheel just 20 per cent heavier than the critical 
value. If the flywheel could not be made much heavier, I should 
certainly use dampers, and take care that the engine impulses of 
the critical duration were sufficiently equalized so as not to be too 
high for the damper, which can always be easily achieved if proper 
precautions are taken in adjusting the cylinders. Professor Gorges, 
discussing the question of the use of calculations for parallel operation, 
once remarked very properly that here it was not the aim to hit the 
bull's eye on the target, but to shoot as far as possible away from the 
target. For this purpose, of course, an approximate calculation is 
sufficient. I have found in practically all cases which have come to 
my notice that, if one starts with the total field ampere-turns, the 
simple short-circuit calculation tallies sufficiently well with the actual 
results, an experience which, judging from the second paragraph on 
page 528, Mr. Everestalso seems to share. It is true that two inaccuracies 
are thereby introduced, but these fortunately counteract each other 
and give a reasonably accurate result. 

The distortion method introduced by Hobart and Punga, and advo- 
cated by Mr. Everest, is considerably more complicated than the 
short-circuit method, and is based on a good number of calculated 
constants and coefficients. In the cases which Mr. Punga and Mr. 
Everest investigated, the calculated results check exceedingly well with 
those measured. If this should be borne out also by other experi- 
menters, and with machines of very different construction and magnetic 
data, it would certainly be worth while to take the more complicated 
method in order to obtain greater accuracy. It would then be possible, 
in determining the required size of flywheel, to reduce the factor of 
safety which is now used and which has to cover inaccuracies 
of calculation. In some cases where the size of the flywheel cannot 
be increased beyond a certain amount, and where 1 should use a 
damper because the short-circuit calculation with the factors of safety 
would still indicate the “ danger zone," it might be possible to ascertain 
by the accurate method that we are just outside the “ danger zone,” 
and can therefore dispense with a damper. It is highly desirable that 
other engineers should also publish valuable investigations such as 
those of Mr. Everest. 

I am not in agreement with the first of Mr. Everests recom- 
mendations, (a) on page 529, with regard to ''flywheel requirements." 


Dr. 
Rosenberg. 


540 EVEREST: SOME FACTORS IN THE PARALLEL [18th Feb, 


Dr. 
Rosenberg. 
Flywheel Effect 
G.R? 6.0 
per per 
КУА. KVA 
10-75 40 


755 28 


A 
KY.A. 
ty 
& 


o 
$ 
не" 
"5 


ә 5-92 


meter 
N 
N 


V2 1-2 


Flywheel Effect 
GD GE 
per рег 

ҚХА. КУА, 


P 
per 


? 
= 
ор 
ег 
$ 


ris 


eS 


"one Sle ee eee 


X, and X, are critical values of flywheel effect for so periods, and a short-circuit current 
equal to 2:5 and 3:5 times normal current, when the time of one period of oscillating torque 


equals the time of one revolution. 


x, and x, are critical values of flywheel effect for 50 periods, and a short-circuit current 
equal to 2:5 and 3'5 times normal current, when the time of one period of oscillating torque 


equals the time of half a revolution. 


For any other frequency or short-circuit current, the flywheel effect will be varied in direct 


proportion to the frequency or short.circuit current. 


I. Average flywheel effect of a two-crank cross-compound steam engine for a cyclic 


irregularity à = 43s. 


II. Average flywheel effect of: a two-crank cross-compound steam engine for a cyclic 


irregularity д = уф. 
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X, and X, are critical values of Hywheel effect for 50 periods, and a short-circuit current 
equal to 2:5 and 3'5 times normal current, when the time of one period of oscillating torque 
equals the time of two revolutions 

x, and x, are critical values of flywheel effect for so periods, and a short-circuit current equal 
to 2'5 and 3:5 times normal current, when the time of one period of oscillating torque equals 
the time of one revolution. 

For any other frequency or short-circuit current the flywheel etfect will vary in direct 
proportion to the frequency or short-circuit current. 

I. Average flywheel effect of a gas engine having 4 impulses per revolution for a cyclic 
irregularity à = 535. 

11. Average flywheel effect of a gas engine having 4 impulses per revolution for a cyclic 
irregularity 3 = здр. 
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I much prefer a certain minimum cyclic irregularity to be specified 
than a permissible angular deviation of 2} electrical degrees, such 
as the author gives. For high-speed machines this “ permissible " 
deviation gives quite impossible results. Consider, for instance, a 
three-crank double-acting steam engine, running at 300 revs. per 
minute, and driving a 25-cycle generator; putting in the authors 
formula on page 530 for k (the number of engine impulses per revolu- 
tion) the figure 6, and for the number of poles то, the “ permissible " 
limit of cyclic speed irregularity works out as уһ. Even if we took into 
account the fact that the cylinders with different loads may contribute 
quite different forces, and if we only considered the two impulses per 
revolution, we should get a “ permissible" irregularity of th. I am 
afraid that engine makers would not know how to deal with such 
requirements, and that the customer would not find such a speed 
variation permissible. In his second recommendation Mr. Everest 
does not consider the necessity, which often arises in connection with 
multiple 4-stroke cycle gas engines, of working with a flywheel that 
lies between the critical values for the impulses the period of which 
equals respectively the time of one revolution and two revolutions. 
In this connection I take exception to the expression “frequency of 
the predominating engine impulse," as this expression may give rise 
to a serious misunderstanding. In the torque diagram of a single- 
crank double-acting steam engine, where every stroke represents an 
impulse of nearly the same magnitude, we should certainly be inclined 
to ascribe to the “ predominating impulse" a frequency of double the 
number of revolutions. This, however, is nearly always a perfectly 
harmless impulse, the frequency being far removed from the critical 
frequency. The oscillating force, equal in frequency to the number of 
revolutions, is far more dangerous. As this force is generally very 
small compared with that of twice the frequency it seems rather an 
unfortunate contradiction to call it the “predominating impulse." 

Mr. Everest has said nothing about the use of damper windings on 
the field poles. These are of the greatest importance in the case of low- 
speed two-cylinder double-acting four-cycle gas engines, and by their 
use in that case many tons of flywheel can be saved. The formula which 
Mr. Everest gives for the flywheel effect required for generators of 
ordinary regulation is simple and handy if one is used to work with the 
stored energy in the flywheel. In Figs. C and D I reproduce 
Figs. 11 and 14 of my paper on the parallel operation of alternators,* 
with the values marked in as calculated in accordance with Mr. 
Everest’s formula. It will be seen that Mr. Everest’s formula agrees 
well with the curve Y2, which represents the flywheel effect required 
if it is desired that the natural frequency of the machine should be 
below the frequency of the engine oscillations. 

Professor E. W. MARCHANT (communicated): The cases dealt with 
by Mr. Everest in his paper are of great interest, and his table of 
constants should be of value to those engaged in calculations of this 

* Fournal of the Institution of Electrical Engineers, vol. 42, pp. 540 and 545, 1909. 
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kind, but it would be interesting to know whether these constants 
apply to types of machines other than those dealt with in the paper. 
The formula certainly fit the experimental results well for the alter- 
nators to which they have been applied, but it seems doubtful whether 
the same accuracy would be obtained with different designs. The 
actual magnetizing current flowing between two machines when they 
are out of step varies with the periodicity of the variations. It was 
shown by Professor Miles Walker in his paper on the short-circuiting 
of turbo-alternators that in a turbo-alternator the armature reactance 
for rapidly changing currents might be onc-twentieth of the ordinary 
short-circuit value. The ratio would not be expected to be so large 
for the flywheel-type alternator, but the reactance might be less than 
it is when calculated from “short-circuit” constants. In the case 
calculated by Mr. Everest on page 526 the cross-current reactance is 
assumed to be half that calculated from the short-circuit reactance. 
To bring the calculated and observed values of the free period into 
agreement it would have to be one-third, and it would be of interest, 
if experimental results were available, to see how nearly this ratio 
agreed with experimental results obtained by the sudden short-cir- 
cuiting of the alternator. It seems somewhat doubtful whether the 
variations due to distortion penetrate much beyond the pole face at 
the frequencies assumed, and it would certainly be simpler to regard 
the whole difference between observed and calculated values as due 
to the variation in the armature reactance for sudden or comparatively 
sudden variation in the armature current, as proposed by Goldschmidt 
and Schüler. In Dr. Rosenberg's paper * it was shown that hunting 
troubles might arise from a natural period corresponding with a mul- 
tiple of the number of revolutions per second of the engine, and it 
would be interesting to know whether Mr. Everest has ever come 
across a case of this kind. The paper is valuable in that it lays stress 
on the necessity for some correction in the value for the short-circuit 
reactance obtained by steady short-circuit tests. 

Мг. W. H. F. Мокросн (communicated): The effect of damping in 
wiping out oscillations does not appear to be dealt with in the paper, 
although I always understood amortisseurs frequently saved much “ fly- 
wheel effect.” The ordinary equation for oscillations with damping 
might be written— 

d? 0 d 0 

dE + А, у + А0 = 0, 
where А, апа Л, are constants. For the forced oscillations we should 
have— 


d? Ө d 0 f 
T» t; 59-—Fcospl, 


where F is the “forcive’’ causing the forced oscillations to continue. 


The difficulty in solving the problem seems to arise from the fact 


* journal of the Institution of Electrical Engineers, vol. 42, p. 524, 1909. 
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that the *forcive" may vary with load and angle of lag. A large 
moment of inertia merely increases the periodic time of the natural 
oscillations and tends to make them persist; whereas damping 
increases the periodic time, but tends to wipe out oscillations. Fly- 
wheels also are costly and waste energy in bearing friction, whereas 
amortisseurs act only when required. It has also to be remembered 
that without damping the running would be in unstable equilibrium. 
The problem in practice is also rendered more complex since, for 
instance, if there were five machines in parallel there would be ten 
different free oscillations all acting at the same time. Consequently, 
conditions for stable running for two machines may not apply to 
several, or be of general application. 


DISCUSSION BEFORE THE BIRMINGHAM LOCAL SECTION, 
ON I2TH FEBRUARY, 1913. 


Professor R. THRELFALL: Owing to the concentrated style of the 
paper I have had great difficulty in following it, and I consider that 
the whole subject ought to be dealt with in an extended treatise. At 
present there appears to be a difference of opinion on important points. 
As one term in the formula for the “natural frequency” of an alter- 
nator appears to depend on the other machines with which such 
alternator happens to be in parallel, would it not be necessary to 
calculate a fresh natural frequency every time a new unit was added 
to the station? With regard to the very convenient diagrams pub- 
lished by Dr. Rosenberg, I should like to ask Mr. Everest to prepare 
some similar diagrams using the corrected values given in the paper. 

Dr. G. Kapp: It must not be thought that the paper refers only to 
the older type of steam alternators ; it also concerns turbo-alternators. 
These machines, although by themselves not liable to the cyclic dis- 
turbances arising with reciprocating engines, may nevertheless ex- 
perience disturbing influences of this kind if they have to work in 
parallel with reciprocating sets. The author has quoted some figures 
given by Goldschmidt in an article published ten years ago. The 
author does not base his arguments on Goldschmidt's values, but 
on the method used by Punga, yet it seems desirable that a dis- 
crepancy which exists between Goldschmidt's formula and his figures 
should be cleared up. Taking Goldschmidt's formula I have obtained 
figures differing appreciably from those given by Goldschmidt and 
republished by Mr. Everest in the table on page 522. Thus taking the 
value o'8 for the ratio pole/pitch Goldschmidt's formula gives 0:622, 
whilst the figure in the table is 051. Fora ratio of 0'7 the respective 
figures are 0'46 and o'35. These discrepancies are too large to be 
accounted for merely by inaccuracies in reading a slide-rule, and it 
seems desirable that the author in his reply should state whether he 
considers Goldschmidt's formula or Goldschmidt's figures correct. 
Another point which the author should clear up 15 the statement on page 
525 where a distinction is made between that part of the self-induced 
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flux which misses and that part which passes through the pole face. 
Since neither part is interlinked with the field winding and both are 
interlinked with the armature wires there does not appear any physical 
reason for assuming that one part (namely, that which misses the pole 
face) is alone producing the E.M.F. of self-induction, whilst the other 
part is alone responsible for distortion. Moreover, no reason is given 
why the flux to be taken into account in calculating the E.M.F. of self- 
induction should be just one-half of the total self-induced flux. 

Reference has been made to the difference between the author's 
and Dr. Rosenberg's evaluation of the magnitude of K, in the formula 
on page 521. If K,,istaken as the product of induced voltage at no load 
and the short-circuit current at that excitation, then certainly the periodic 
time would be overestimated. In reality the synchronizing power is 
much greater, and this makes the natural swing of the dynamo quicker ; 
Dr. Rosenberg, however, does not take the value of K, at the low no- 
load excitation, but at the full-load excitation, and this tends to make K,, 
larger, i.e. nearer the true value. This does not mean that it necessarily 
gives the correct value for the periodic time. From a careful investi- 
gation made by Punga on machines installed in four central stations it 
is shown that in all cases the time of swing is shorter than corresponds 
to Rosenberg's formula, so that I am inclined to consider Punga's 
method, which Mr. Everest has adopted, to be the more reliable 
method ; but it should not be marred, as the author has done, by the 
introduction of Hobart's very arbitrary correcting factor of 4. If this 
correction is not made it will be found that the value of K, on page 526 
is 7,700 kw. instead of 9,300 kw. This would make a difference of 
11 per cent in the predetermined periodic time. It may perhaps be 
thought that so small a difference is not of much moment, since a 
careful designer will in any case aim at a difference between engine 
time and dynamo time much greater than 11 per cent, but it should be 
remembered that unless a designer knows the sign and magnitude of 
this difference exactly, he may in his desire to get farther away from 
the dangerous condition, by some alteration in flywheel inertia actually 
approach closer to it. 

Dr. W. E. SUMPNER: I wish to draw attention to the simplification 
resulting from using a consistent system of units in all engineering 
formulz, and to urge in particular that electrical engineers should try 
as far as possible to express all quantities in electrical units. Not only 
would this lead to the standardization of formulz, but the formula 
themselves would appear much simpler and more intelligible. ‘Thus, 
instead of reckoning the flywheel energy in foot-tons per kilowatt (at 
normal speed and full rated load), it is convenient to regard this energy 
as so many seconds of full load. The machine instanced in case 1, on 
page 526, has an output of 1,500 kw. and a flywheel energy of 9,600 foot- 
tons. A foot-ton is equivalent to an output of 1 kw. for 3 seconds, 
whence the flywheel energy in the case cited corresponds with the full 
load for 19:2 seconds. If this flywheel time in seconds be called /, and 
if p denote the ratio between the short-circuit current and the full-load 
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current of the machine, and if f be the current frequency, the ordinary 
formula for the period of the hunting becomes 


— 


2/7 
p 


I have used this formula for many years, though not with satisfactory 
results, owing to causes which form the basis of Mr. Everest’s paper. 
The only uncertain quantity in the formula is p. Taking, as on page 525, 
the armature impedance voltage as 42:4 per cent of the open-circuit 
voltage, the value of p would be the reciprocal of 0424, i.e. 2:4, whence 
the formula for case т, with / = 19:2 seconds, and /= со, gives r4 
seconds for the period of the hunting ; that is too long atime, since the 
oscillation frequency actually found was 68 per minute. But if correc- 
tions are introduced for field reaction or distortion in accordance with 
the author's views, the above value of p must be doubled. The calcu- 


lated time, 1*4 seconds, would then be reduced in the ratio of 4/2 to І, 
and would approach close to the value actually found. There can be 
no doubt that it is incorrect to treat the armature of the machine 
merely as a coil having self-induction, as is always done in the simple 
theory of the hunting of alternators. On the other hand, the experi- 
mental factors introduced into the formula by Mr. Everest's method, 
although leading to correct results, are not very satisfactory from a 
theoretical point of view. 

Dr. M. KAHN: I agree with Mr. Everest that the distortion method 
gives the most accurate results, and the reasons set out in the paper 
explain this fact quite clearly. I must differ from Mr. Everest, however, 
in one part. [n calculating the synchronizing power Mr. Everest only 
takes one-half of the reactance into account, saying that the total 
reactance flux contains a part which crosses the air-gap and passes 
along the polé face. The total flux produced by the armature of an 
alternator is usually divided into that which enters the rotor and that 
which is only interlinked with the armature winding itself. "The flux 
which enters the rotor can be subdivided into a cross flux, which crosses 
the air-gap and passes along the pole face, and a demagnetizing flux 
which passes through the machine in the opposite direction to the flux 
produced by the field excitation. The part onlv interlinked with the 
armature winding itself induces in this winding the so-called reactance 
voltage. This voltage can either be measured by removing the stator 
from the rotor and measuring the voltage necessary to pass full-load 
current through it, or it can be deduced from the short-circuit test, where 
the cross flux is nil, In neither case is there a cross flux which crosses 
the air-gap and passes along the pole face; no reduction need 
therefore be made from the reactance obtained on this account in 
calculating the synchronizing power. The formula for the frequency 
of the oscillations per minute is thus '— 


cycles | К 
»= 9706, | foot-tons A.T, 
f, 97 (ROM 
A.T, 
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where А.Т, = cross ampere-turns per pole ; 
A.T,=air-gap ampere-turns per pole ; and 
E, — percentage reactance voltage. 


The angle between the current vector and the flux vector at non- 
inductive full load is given in radians by 


A T. 
AT, 
In connection with the armature flux, it may be worth mentioning that 
in what Mr. Everest calls the short-circuit method the demagnetizing 
flux is taken into account in calculating the synchronizing power, while 
in the distortion method the cross flux is taken into consideration. 
Mr. |. MARTIN : On page 522 Mr. Everest very properly calls attention 
to the incorrect method which has been used by several writers for 
deducing the short-circuit current of an alternator. During the short- 
circuit test there is only sufficient flux in the machine to send a 
short-circuit current through the stator windings, that is, to overcome 
the impedance, which will at most consume from 30 to 40 per cent of 
the normal voltage. It is clear that no saturation can occur ; and there- 
fore in calculating the cross-current at normal excitation only the air-gap 
ampere-turns can be assumed as being effective in producing it, as the 
short-circuit current is proportional to the flux across the air-gap, and 
this is proportional to the air-gap ampere-turns and not to the total 
ampere-turns. With regard to the reactance voltage that should be 
considered in constructing Fig. 3, it is stated that only half the total 
value should be taken, the other half being already accounted for in the 
distorting effect on the field. This seemed to me at first to be allowing 
for too much leakage flux across the air-gap. I therefore had some 
machines of the ordinary salient-pole engine-driven type checked, and 
I found that the leakage flux across the air-gap did account for about 
half the total leakage flux ; as a matter of fact this flux varied from 40 
to 60 per cent of the total leakage flux. It would be as well, however, 
to check this each time, as very different results might be obtained 
on machines built with abnormally high reactance. (This does 
not necessarily mean high armature reaction.) On page 528, under 
“Effect of Load,” Mr. Everest suggests that in deducing the 
short-circuit current the air-gap ampere-turns corresponding to the 
total generated voltage should be considered. This seems to be 
correct ; and the angle DOC of Fig. 3 can then be ascertained. It 
would be interesting, however, to know how much the distortion angles 
D O A and BOE are affected at full load by a change of power factor. 
It seems to me that one of these angles will be decreased and the other 
increased,as O A and O B will nolonger pass through the centres of the 
poles. On page 530, in connection with the flywheel effect which 
should be provided to avoid trouble from resonant hunting, Mr. Everest 
points out that for a 4-cycle engine running at 200 revs. per minute the 
flywheel effect should be such as to give a natural frequency of 80 
cycles per minute. This we know means a heavy, and consequently 
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expensive, flywheel, but in my opinion it is better practice to do this 
than to attempt to get the natural frequency of the revolving parts to 
lie between a frequency corresponding to the predominating engine 
impulse and twice this frequency, that is, to lie between roo and 200 per 
minute. It is true that many plants have been designed on this latter 
principle, but we all know that it is difficult to calculate with absolute 
exactness all the quantities entering into the equation for obtaining the 
natural frequency of swing of a system, and we are always liable to get 
too near to one or the other of the frequencies between which only 
satisfactory running can be obtained. I think the most that can be 
said for the plants designed to work with the light flywheel is that at 
the best they are running moderatelv well. 

Mr. R. H. BRADBURY ; Since the double-acting tandem gas engine of 
the Nurnberg type claims so good a cyclic irregularity as 1/250, good 
parallel operation is largely dependent upon the design of the alterna- 
tors. From theoretical considerations alternators appear in a general 
way to be best suited for parallel running if designed to have small 
internal resistance and low self-induction, or in other words, if designed 
for good voltage regulation, because then the synchronizing current 
for a given angle of displacement is the greatest. My experience, how- 
ever, has been rather with gas-engine-driven alternators of the same 
type, but designed for a special purpose to have a high armature re- 
action in order to get constant load independent of sudden changes in 
the resistances of the external circuits. The external characteristic 
curve for these particular alternators therefore shows that for a 25 per 
cent increase in current the E.M.F. at the machine terminals is 
reduced by about 20 per cent, since 125 C x ff Е = CE. If there- 
fore these machines are in parallel, then for all conditions of load 
the power is equally divided between them. Supposing, however, the 
alternators are of different design, and one machine has a much lower 
self-induction than the other, then the characteristic curves cross at a 
point P, and at this point only is the load proportionately distributed 
between the machines. Therefore alternators having dissimilar 
characteristics and running in parallel require for every load condition 
a different value of excitation current. This is of course a big draw- 
back to a system, and particularly so where the load fluctuates rapidly, 
as in electric process work. Again, if the alternators are generating 
the maximum load of the engines (engines not working on the governors) 
then an increase of current reduces the E.M.F. of one of the machines 
more than that of the other, and since a redistribution of the load 
cannot take place to wipe out this difference of E.M.F., the net result 
is that one machine gives wattless lagging current and the other 
reccives wattless leading current. Although this does not represent 
loss of power, yet experience goes to show that in some cases at least 
the above is not a condition making for good parallel operation. For 
engines on full load I have often experienced temporary trouble in 
parallel operation due to one of the alternators being over-excited. 1 
therefore think that in designing an alternator for parallel running one 
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ought to compromise if necessary between the best value for the 
natural frequency of the alternator and the correct self-induction to 
give a characteristic curve similar to that of the alternator with which 
it is intended it should operate. 

Mr. N. SHUTTLEWORTH (communicated): It is quite time there was 
agreement between engineers on several points raised in the paper— 
one of the most important is the calculation of the natural oscillating 
frequency of an alternator running in parallel with others. I believe 
that everybody will agree with the formula given by Mr. Everest on 
page 521, but there are wide differences in the values that have been 
obtained by the many writers on the subject for the synchronizing 
power K, for a given displacement from the mean position. I give 
below a method of treatment which appears to be quite rational, and 
its agreement with fact, in all cases to which it has been applied, 
warrants its being put forward. The principle of the analysis lies in 
separating all the M.M.F.'s of the field and armature, determining the 
fluxes set up by each separately, and finally combining the E.M.F.'s 


Ес. Е. 


generated in the armature by these fluxes in the proper phase together 
with resistance and reactance drops. Consider the action in the local 
circuit of two similar machines working in parallel when there is 
mechanical displacement of the two rotors from the synchronous posi- 
tion. In Fig. E let X E be the vector representing the generator-phase 
voltage, and X F the phase voltage of the second machine, which will 
be motoring if on no load. The component of XE which opposes 
X F in the local circuit is X E,, so there still remains a component voltage 
E, E which is free to produce a circulating current round the circuit of 
the two machines. Under ordinary conditions this circuit is highly 
inductive, and the current will lag practically 90 deg. behind E, E, but 
as a more general case we may assume that there is sufficient resistance 
in the circuit to cause the current to lag by an angle appreciably less 
than go deg.; the final phase due all influences is shown as O A. 
We must now take account of the secondary effects of OA. The watt- 
less component ОА sing produces additional magnetization of the 
main pole of the generator and demagnetization of the lagging machine. 
The change in flux generates an E.M.F. EC in phase with the terminal 
VoL. 50. 86 
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Mr. т. Shuttle- voltage of the generator, and an E.M.F. F G opposed to the terminal 
voltage of the lagging machine. Further, the wattless component of 
current, viz. OA cos ф, produces a cross flux which will generate an 
E.M.F. E D in the armature of the generator and an E.M.F. F H in the 
armature of the lagging machine. The resultant voltage in the genera- 
tor is X B, of which a component X B, opposes the resultant voltage 
ХК of the lagging machine ; the remaining component B, B is there- 
fore the true voltage which forces the current O A through the imped- 
ance of the two armatures. Knowing the resistance and reactance of 
the machines the angle y is known. The displacement angle ё is 
found from the ratio of OE to the terminal voltage X E, where 
sind = tan ô= О E/X E. The synchronizing kilowatts will be 
XE x OAcos¢ x number of phases. In ordinary cases where the 
resistance of the armature is small compared with the reactance, ¢ will 
become negligibly small, y will be equal to go deg., C E vanish, and 
OB become equal to O D. 

Paying attention to the simple case first, it is necessary to determine 
the magnitude of the voltage D E in Fig. E. The synchronizing energy 
current OA produces cross-magnetization, and assuming a known 


value of current we may represent the M.M.F. distributed sinusoidally 
along the armature periphery as shown by the curve fvyz of Fig. Е. 
The fluxes set up are represented by the shaded areas tv wx yz, the 
actual path being фсм. It will be legitimate to take tv w х уг as a special 
flux which revolves synchronously with the field poles, generating an 
E.M.F. in the armature conductors at right angles in phase to the 
main E.M.F., and which is represented by DE in Fig. E. The 
peculiar wave shape has a: pronounced third harmonic in each phase, 
but this cancels out in a three-phase star-connected alternator, leaving 
only the fundamental effective at the terminals. Let the value of the 
cross-magnetizing ampere-turns equal Xcw. It is evident that the 
reluctance in the path of this M.M.F. is that of an air-gap of area equal 
to two half pole faces, the stator teeth and the iron of the pole face, 
which is not more than 5 per cent in excess of the reluctance of the 
air-gap over a main pole. For a known value of Хсм we may therefore 
obtain the value of voltage generated in the armature from the straight 
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portion of the saturation curve without going into detailed calculation 
for every case, provided that the wave shape is the same for the two 
cases under consideration. Since, however, the wave shape is not 
sinusoidal in the case of the E.M.F. due to cross-magnetization, it is 
necessary to correct for form factor. 

The actual E.M.F.’s have been obtained graphically for cases of 
3 and 4 slots per pole and phase, and in comparing the voltages 
obtained for a given value of Xcm, first cross-magnetizing and second 
magnetizing the pole directly, the following results were obtained :— 


E.M.F. due to Xy cross-magnetizing ampere-turns 


. E.M.F. due to Xy magnetizing ampere-turns 
= 0°88 for three-phase machines and 0:85 for two-phase machines. 


Only the reluctance of the air-gap is considered in the above cases, so 
that the “ cross-voltage" should be further reduced by 3 to 5 per cent 


to allow for reluctance of iron parts. The value of cross-magnetizing 
ampere-turns for full-pitch windings is given by— 


Xa V2 ET g 96x [а — соз” ], 

where m = number of phases ; n = number of turns in series per pole 
per phase of armature ; b = width of pole face ; B = pole pitch ; and 
I = watt component of synchronizing current. 

With tapered pole faces, as shown in Fig. G, the cross-flux is 
reduced, with a consequent diminution in generated voltage. This 
reduction in flux may be taken account of most simply by assuming 
that the “actual” Хсм is reduced to a value “effective” Xcy, which 
bears the same proportion. ‘There will be no error involved in this, 
since proportionality exists in the absence of saturation. With values 
of air-gap given in Fig. G, and full-pitch winding— 

“ Effective” Хсм 
_? 28.33 2mnI b. . b. 
хо 96x == 102+ 0) —(0—с) cos 7g — 5 SIN SB 

By working with “effective” Xcy, the generated cross-voltage may 
be obtained directly from the saturation curve with a minimum of 
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trouble. A chamfered pole piece causes an increase in the gap length, 
and the reduction in the cross-flux will be more apparent in the lower 
generated voltage obtained from the saturation curve than due to a 
decrease of the maximum density at the wave tip. The error involved 
due to neglecting chamfer and working with average gap lengths will 
not exceed 5 per cent in ordinary cases, and the error in the final result 
is proportional to the square root of this. 

It is possible to apply the above method at this point to Case I 
given by Mr. Everest. The following particulars kindly placed at my 


. disposal by the author apply to this machine :— 


Turn in series per pole per phase =. 24% 

Pitch of armature winding = gr per cent; 
Number of poles ... = : 

Air gap at pole centre "E | 

Air gap at pole tip — wa 

Whence a=1andc=1. 

Ratio 5/B ... "T uis we UOS 
Reactance ohms per phase se .. = I'6 [this figure 


will be calculated later]. 


Assuming a synchronizing current of 100 amperes (entirely energy 
current), the cross-magnetization in ampere-turns is given by— 


* Effective ” Xcu 
4 V2 X 24 x 100, [2— t sin 065 7] = | 
= _ 096 X ——— T : 5651 sin 0°65 : 1,340 amp. 
The same amount of magnetization acting over the main pole will 
generate 990 volts per phase, as shown by the saturation curve. Allow- 
ing for the form factor of the wave shape in a two-phase machine and 
5 per cent for the increased reluctance of path when considering 
cross-magnetization— 
* Cross-voltage ” E D = 990 x 0:85 x 0°95 = 800 volts. 
ОВ= О D= ioo x гбо= 160 , 
OE =960 , 


Synchronizing power Kw = 2 х 6600 X 100 X 1073 == 1,320 kw. 
eae 999 as =$ 
sin ó = tan à = 6600 = 9145 therefore ô= 8:25 deg. 
Synchronizing power for one radian displacement 
573 K.. 


= ттт кын ed oa 
1320 297 


Oscillating frequency = 9'76 T, ee -x 59 = 67:5. 


In the more general case where resistance is not negligible it is 
necessary to determine the angles y and ¢ of Fig. E, and the voltage 
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CE. The angle y is known from the ratio of reactance to resistance Mr. Shuttle- 
in the local circuit between the two alternators. For the determination "9% 

of ¢ let a totally wattless circulating current IL, produce а magnetiza- 

tion or demagnetization = Xp ampere-turns where 


for full-pitch windings (see Fig. H). 

Referring to the saturation curve at the point of normal voltage, we 
may determine the increase of generated voltage for an increase of 
Xp ampere-turns. Let this increase — K E,, where E, is the phase 
voltage of the machine. If now we consider a circulating current I, 


"p 


Fic. H. 


which is not totally wattless but lags by an angle ф, the magnetizing 
ampere-turns become Xp sin $, and the increase in voltage EC =K E, 
sin ф. Now BO (Fig. E) equals 21, where z is the impedance of the 
armature of one machine; and since y is known, we may write— 


f dec А . (т 
СЕ = B D = ВО sin BOE, ог КЕ, sin 9 —zI sin (2-4%), 
that is— : 
А т 
kr, ^" (;-»-») 
zl — sin $ i 


from which ¢ is determined in terms of the circulating current I. It 
will be evident that ф is constant, and that К varies in direct proportion 
with the values of I. Using the value of demagnetizing ampere-turns 
just given it is possible to determine the reactance ohms of the wind- 
ings from the short-circuit test. 

With stator amperes = 196 on short-circuit, and field ampere- 
turns = 7,140, the demagnetizing ampere-turns of armature reaction 
with 91 per cent pitch winding are given by 


|. Sin 0°32 r 


Xp = 0327 X 4 J/2 x 24 X 196 x 0'96 X 0'99 = 6,720. 


The ampere-turns producing flux = 7,140 — 6,720 = 420. 
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From the saturation curve, the voltage generated in the armature 
== 315, which is absorbed in the reactance drop. 

The reactance ohms per phase = 315/196 = 1°6 ohms. 

The author has kindly provided information which, allows of the 
more general case being applied. Artificial resistances and reactances 
were added between two similar machines in the same station, and the 
natural oscillating frequency was reduced from 68 to 50 oscillations 
per minute. The conditions on this test were as follows :— 


Reactance. Resistance. 
16 o'16 Machine r. 
1'6 o'16 Machine 2. 
II'2 720 . Added artificially. 
44 7`52 


Impedance = 1672 w, or 8°1 ohms per machine. 

The angle y therefore equals 62:5 deg. 

With a wattless circulating current of 196 amperes we have seen 
that the magnetization of the armature equals 6,720 ampere-turns. 
From the saturation curve at the point of normal voltage, we see that 
there is a 5'3 per cent increase in voltage for an increase of 10 per cent 
in ampere-turns = 1,220 ; hence for a magnetization or demagnetization 
of 6,720 ampere-turns 


From the formula— 


0292 X 6,600 sin (00° — 62'5° — 9) 
&1x196 ^. sin ф 
from which ¢ = 12'4 deg., ф + V = 74'9 deg., and the angle BOD in 


Fig. Е = 15`1 deg. These angles remain constant for varying values 
of synchronizing current ; we can therefore calculate the displacement 


. 6 for any value of synchronizing current. 


Assume a synchronizing current of 100 amperes, when 


K=o 100 
= 0'292 X i967? I5, 
then O B =8'1 x 100 810 volts. 
E C = KE, sin ¢ = 0'15 x 6,600 x sin 12:4? = 211 volts, 
also E C = ОВ sin 15'1° = 810 X sin 15:1? = 211 volts, 
O D = О В cos 15:1? = 781 volts. 


The cross magnetization for the same synchronizing current of 
100 amperes is given by-- T 
* Effective” Xcu 


_4 М2 X24 X 1006089 | (. 2_(,——4 sin o5 2 |= | 
= = Xo X ODE x 2 Goes 2029935 1340 COS 9. 


Referring to the previous example, E D = 800 cos ¢ = 780 volts. 
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Hence О E = 780 + 781 = 1,561 volts. 


sin ô = tan ё = ies 0: == 0'237, or 0==13'5 deg. 


Synchronizing power = 2 X 6,600 X 100 Cos $ X 10^? = 1,290 kw. 
Synchronizing power for one radian displacement 


= 1290 X = 5,480. 


Oscillating frequency = 9°76 


There is nothing in the foregoing method of treatment to indicate 
that saturation, either in the stator core or pole cores, in any degree 
affects the natural frequency of the alternator ; the same is true also of 
load conditions, and this would seem to be in entire agreement with 
experimental observations. 

Mr. A. R. EVEREST (in reply): Referring to Professor Miles Walker's 
remarks, it is quite correct that for the purpose of this calculation the 
ampere-turns allowed at the air-gap should include an allowance for the 
teeth, and also for the pole face if highly saturated. Hobart and Punga, 
in the treatment referred to, always mention “ampere-turns for gap 
and teeth." 

In connection with reactance pressure, several speakers have 
questioned the technical justification for employing a reducing factor. 
It is explained in the paper that Hobart and Punga's analysis of 1904 
(upon which this method is based) used a value of reactance so calcu- 
lated as to exclude all leakage flux emerging from the armature, the 
effect of the latter being included in the “distortion” term. ‘They 
specially pointed out the smallness of the resulting reactance pressure 
compared with that generally assumed. In fact, inspection shows that 
the value they employ is roughly one-half that determined from the 
short-circuit test in the usual way, i.e. with the assumption that the 
armature reaction is 0°70 of the total armature ampere-turns per pole, 
corrected for breadth factor, but with no correction for pole shape. 
This is confirmed by Mr. Martin's communication. Of course no 
reducing factor is necessary when the winding reactance pressure bas 
been calculated employing such constants as give the reduced value, or 
is determined from short-circuit tests in which the demagnetizing effect 


of armature reaction has been properly corrected for the shape of the 


pole. The remark of Dr. Sumpner and others, that the experimental 
factors introduced are not fully explained, can be best answered by 
referring to Hobart and Punga's paper, in which a complete explanation 
is given. Mr. Shuttleworth has also contributed to this discussion a 
very interesting treatment which arrives at similar results in a different 
manner. 

Dr. Kapp points out a discrepancy in Goldschmidt's article to which 
reference has been made, and asks whether the values from his formula 
or his published table are more probably correct. The values 


Mr. Shuttle- 
worth. 


Mr. 
Everest. 


Mr. 
Everest. 
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calculated from the formula appear to agree with those derived by 
others. 

Several have suggested that a reference to dampers should have 
been included in the paper. The presence of dampers does not 
materially modify the natural frequency at which a machine tends 
to oscillate. Their principal function is to limit the amplitude of these 
oscillations to a reasonable value when the amount of flywheel is such 
as to bring the natural frequency dangerously near to the resonant 
condition, as discussed below in my reply to Dr. Rosenberg's remarks. 
In this sense they may be said to permit light flywheels : in fact, heavy 
wheels make dampers ineffective, and the operation of machines fitted 
with dampers can sometimes be improved by reducing the amount of 
flywheel. Dampers may also be employed to limit the amplitude of 
the forced oscillations resulting from irregular turning moment of the 
engines. | 

Answering Dr. Smith's question, if a damper were required on a 
machine with only a few poles it would be of advantage to make the 
rotor cylindrical and thus obtain a complete squirrel cage. But in 
machines with many poles the definite pole type of construction is 
usually employed. Damper bars are provided in the pole faces and 
also sometimes between the poles. In any case the rings which 
connect the bars should be continuous, bridging the space between 
the poles. The calculation of dampers is rather outside the scope of 
this paper. 

As regards the power factor of the load and its effect upon hunting, it 
is true that the flux axis takes a different position on the pole face accord- 
ing to the nature of the load, and in the extreme case when the flux axis 
might be already near the edge of the pole the angular sweep for a 
given hunting current would be different from that with the flux axis 
normally in the centre. 

Regarding Professor Marchant's remarks, the so-called ‘synchronous 
reactance" which is effective under ordinary conditions, and which 
determines the current on continued short-circuit, includes not only 
the voltage absorbed per ampere in winding reactance but also the 
reduction in generated volts due to the demagnetizing effect of the 
armature reaction. In the case of a sudden short-circuit, the former 
alone is at first active because the field flux cannot immediately die 
down. In the case of hunting in parallel operation, the effects do not 
depend on a change in flux through the pole; the flux sweeps to and 
fro across the pole face. The time element has little effect on this 
action unless dampers or their equivalent are present in the pole face ; 
in which case, as is well known, the flux swing is largely prevented. 
Regarding the question of resonance to multiples of the frequency of 
disturbance, it is advisable always to keep the natural frequency below 
that of the disturbance, unless dampers are provided which can be 
relied upon to eliminate resonance. 

Dr. Rosenberg, while admitting the correctness of the new method, 
says that satisfactory results have been obtained from the old method. 
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This argument might be admitted if troubles in parallel operation were 
unknown in practice. It will be seen that while the admitted inaccur- 
acies of the old method are usually of such nature that they tend to 
cancel one another, this is not always the case ; hence the desirability 
of using a method which takes the factors properly into account. The 
suggestion that this new method is much more complicated than the 
old one is not borne out by the example given on page 526. 

As regards “ flywheel requirements, " Condition (a) sets a limit upon 
the angular displacement resulting from cyclic speed irregularity in 
order to limit the periodic swing on the instrument needles due to the 
resulting exchange current. In a machine with few poles this ceases 
to be a limiting feature, as the amount of flywheel supplied in ordinary 
practice keeps the angular displacement well below the limit here 
shown. In connection with Condition (b) relating to resonance, the 
expression “frequency of the predominating impulse” refers to any 
recurring irregular impulse which may differ from the other impulses 
during the cycle. In a steam engine the frequency of possible irregu- 
larity is obviously once per revolution ; the same is true of a two-stroke- 
cycle Diesel engine, while in a four-stroke-cycle engine the frequency 
of any recurring irregular impulse would be once in two revolutions, 
and obviously independent of the number of cylinders working. At the 
end of the clause referring to Conditions (a) should be added the words 
“in no case must the cyclic speed irregularity be worse than 415" ; 
and after the clause referring to Condition (b) should appear a state- 
ment that the flywheel effect is expressed in foot-tons of stored energy 
at normal speed. 

Dr. Rosenberg mentions that no reference has been made to 
machines driven by four-stroke gas engines and provided with such 


flywheels as to give a natural frequency between the crank-shaft and . 


cam-shaft frequencies. Dr. Rosenberg has shown by his diagrams that 
the working zone between the two danger regions is very narrow ; and 
even with improved methods of calculation it would be unsafe to rcly 
upon keeping within this narrow margin at all loads. Such cases 
depend for safety not upon the avoidance of resonance but upon the 
use of dampers sufficient to prevent the machine responding excessively. 
Such machines usually behave badly at light load or in any condition 
where the impulses are irregular. The degree of satisfaction obtained 
with this method appears very limited. As to the effect of the new 
method of calculation upon the diagram which Dr. Rosenberg repro- 
duces, the principal difference should be found in the width of the 
danger zone representing the condition from noload to maximum load. 
Apparently the diagram was laid out on the assumption that the syn- 
chronizing power increases directly with the excitation, while in the 
present inethod a much smaller increase appears proper, as explained 
under “ The effect of load." This should increase somewhat the width 
of neutral space between the two danger zones, but not sufficiently to 
avoid the objectionable conditions already referred to. Mr. Martin also 
refers to this matter. 


Mr. 
Everest. 


Mr. 
Everest. 
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Professor Threlfall asks whether the natural frequency of a machine 
changes every time a new unit is added to the system. Any number of 
similar machines could be connected together without changing the 
critical frequency at which each one of them is inclined to resonate; 
but if the machines are not similar in character new conditions will 
give new natural frequencies, as discussed under the heading “ Dissimilar 
Machines.” 

The type of alternator discussed by Mr. R. H. Bradbury is quite 
special, since, as he shows, it is designed to give constant power, the 
pressure falling as the current increases. Evidently the natural 
frequency will vary considerably with such variations in voltage, and 
more difficulties in parallel operation should be expected than with an 
alternator having a practically constant value of flux. 
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Proceedings of the Five Hundred and Fiftieth 
Ordinary Meeting of the Institution of Electrical 
Engineers, held on Thursday, 27th February, 
1913—Mr. W. Duppe Lt, F.R.S., President, in 
the chair. 


The minutes of the Ordinary Meeting held on 13th February, 
I9I3, were taken as read, and confirmed. 


The list of candidates for election and transfer approved by the 
Council for ballot was taken as read, and it was ordered that it should 
be suspended in the Hall. 


Donations to the Library were announced as having been received 
since the last meeting from The Adams Manufacturing Company, Ltd., 
Dr. H. Borns, Messrs. Brown, Boveri & Co., Ltd., Messrs. Constable 
& Co., W. R. Cooper, Messrs. Crosby, Lockwood & Son, The Dussek 
Bitumen Company, L. Gaster, B. Gáti, J. W. F. Hoffman, Mrs. Andrew 
Jamieson, H. R. Kempe, Dr. A. E. Kennelly, W. P. Maycock, R. K. 
Morcom, W. H. Patchell, W. E. Schall, and S. P. Smith, to whom the 
thanks of the meeting were duly accorded. 


The PRESIDENT : I have to announce that Mr. Jenkin has presented 
to the Institution a medallion portrait of Lord Kelvin,. which was 
modelled from life by Miss Giles, now Mrs. Jenkin. I think it is very 
appropriate indeed that we should have had this presentation of such 
an excellent portrait of Lord Kelvin on the occasion of one of our 
Kelvin Lectures. I ask you to give a most hearty vote of thanks to Mr. 
Jenkin for his presentation. 


The vote of thanks was heartily accorded. 


Dr. R. T. GLAZEBROOK, C.B., F.R.S., Past President, then delivered 
the Fourth Kelvin Lecture (see page 560), and the meeting adjourned 


at 9.35 p.m. 
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THE FOURTH KELVIN LECTURE. 


THE OHM, THE AMPERE, AND THE VOLT: A MEMORY OF 
FIFTY YEARS, 1862-1912. 


By Dr. R. T. GLAZEBROOK, C.B., F.R.S., Past President. 


(Delivered 27th Febrüary, 1913.) 


My first words must be to express my thanks to you, Mr. President, 
and to the Council for your renewed invitation to deliver this lecture, 
to fulfil the welcome task of speaking to an audience which realizes 
very fully all we owe to Lord Kelvin, of some small portion of his 
work. 

I cannot claim the many-sided knowledge of that work possessed by 
the first Kelvin lecturer—the distinguished author of his biography— 
nor the intimate acquaintance with detailed portions acquired by one 
who, like Sir Alfred Ewing or Professor du Bois, had worked under 
him in his own laboratory ; but for years I was his disciple and friend. 
May I recall some personal memories ? 

I began to work at practical physics in 1876. The Cavendish 
Laboratory had not long been opened. Maxwell was equipping it with 
new apparatus, and almost my first task was to trace the behaviour, 
under various rates of discharge, of a battery of large tray Daniell cells 
designed by Thomson. The instrument given me to measure the 
E.M.F. was one of the large-pattern White quadrant electrometers with 
the mouse-mill replenisher. It had to be set up and adjusted, and for 
a novice the task did not prove easy. We were not fed with a 
spoon by Maxwell, but fortunately I had no examination in view. 
Since that time I have shunned the instrument and felt a holy reverence 
for its designer. 

Again, a few years later with various friends I went to Largs after a 
British Association meeting. I had recently become Secretary of the 
Electrical Standards Committee. While we were there a parcel 
arrived from America which proved to be one of the first concave 
gratings sent to England, and I was told off to set it up in the drawing- 
room after dinner. The slit was a narrow cut in a visiting card. It 
stood on the piano in front of a spirit lamp with a salted flame. The 
grating was placed on the mantelpiece, and a circle on which the 
images lay was roughly marked out on the floor with footstools and 
cushions. The party was set to work to find the D lines. Those of the 
first two orders were seen by all. “ We were delighted with the result : 
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I had never seen anything like it before,” wrote Sir William in a letter 
to Professor Mendenhall. 

Again, a little later, he was in Cambridge, and I met him at dinner 
at Professor Stokes’s house. He was very full of ether theories, and 
specially interested in a labile or contractile ether whose properties he 
had recently described in the Philosophical Magazine. There were certain 
difficulties in the theory, and I suggested how some of these might be met. 
He was delighted, and took me at once to Lady Thomson and explained 
in his own enthusiastic way what I had done. A few days later there 
appeared in the Philosophical Magazine a note dated Train, Cambridge 
to Glasgow, which begins: “ Yesterday. evening, in Cambridge, Mr. 
Glazebrook pointed out to me . . . He promises a paper on the subject 
for the December number of the Philosophical Magazine." 

To-day the theory of the labile ether has but little interest for any. 
Its films have contracted and elasticity has gone. You will understand 
the value of Lord Kelvin's generous appreciation to one who was just 
beginning to taste the pleasures of exact research and accurate 
experiment. From that time he was my friend until the day in the 
Abbey when as the representative of the Institution I was one of those 
who bore our greatest President to his long home and the mourners 
went about the streets. 

A Kelvin lecturer, at any rate at present, has an ample choice of 
subject, and for me the selection is obvious. The volume on the table 
contains a reprint of the Reports of the Electrical Standards Committee 
of the British Association, which in great measure through the generosity 
of Mr. R. K. Gray have been issued to commemorate the work of Thom- 
son and his colleagues in putting the science of electrical measurement 
ona firm basis. I propose to give some account of this work ; to trace 
briefly the history of the ohm, the ampere, and the volt from the days 
of the first Atlantic cable, when there were no standards of resistance 
and the simplest applications of Ohm's law to practical problems were 
hardly known, up to the present time when resistances, currents, and 
electromotive forces are compared with an accuracy attained in hardly 
any other science. I shall try not to weary you with details, but 
I hope to impress on you the enormous debt we owe to these early 
pioneers whose clear-sighted vision has done so much to render possible 
the modern uses of electricity. 

I think it was Thomson himself who compared somewhere the 
growth of the steam engine and the dynamo. The rapid progress of 
the latter depends in no small measure on the fact that the electrical 
quantities which occur in its theory are all capable of exact measure- 
ment, and that by an application of the fundamental laws we owe to 
Faraday, to Hopkinson, and to Ewing, its theory can be worked out and 
the results predicted with an accuracy which even now cannot be 
reached for the steam engine, and which until the days of Joule and 
Thomson was quite impossible. 

Thanks to the kindness of many friends, there is on the table a most 
valuable collection of historical apparatus about which all of you have 


562 GLAZEBROOK : THE FOURTH KELVIN LECTURE. [27th Feb. 


read but which few have seen. You know the pictures, perhaps, of 
Thomson's rotating coil or of Joule’s first ampere balance, or of the early 
forms of Wheatstone bridge : here they are to be seen at least onceina 
lifetime by all. 

The Electrical Standards Committee of the British Association was 
appointed at the Manchester meeting in 1861 as the result of a paper 
by Sir Charles Bright and Mr. Latimer Clark proposing names for the 
standards of resistance, current, electromotive force, and quantity. The 
volt was to be the standard of resistance, the ohma of electromotive 
force. Thomson moved for a Committee “For Improving the Con- 
struction of Practical Standards of Electrical Measurements." In its 
original form the Committee consisted of Thomson, Williamson, 
Wheatstone, W. H. Miller, Matthiessen, and Fleeming Jenkin. To these 
Maxwell, Siemens, Joule, and others, were added in the following year. 
This first Committee lasted unto 1870. Professor Carey Foster, appointed 
in 1867, is its sole surviving representative. 

The paper by Mr. Latimer Clark and Sir Charles! Bright is printed 
in the Electrician, vol. 1, p. 3, 9th November, 1861, and is very interest- 
ing reading. Thc comments of the Editor, in view of our present 
knowledge, are perhaps more interesting. Thus he writes : “ To be of 
any general utility, however, the proposed system of measurement must 
necessarily be sufficiently simple and easy of application, to meet the 
requirements of telegraphists. Glancing at what has already been 
published in reference to this important subject, we fear there is 
some danger that a system may be devised which will be followed exclu- 
sively by the eminent gentlemen at whose recommendation it is put 
forward. That this would be worse than useless, in a practical point of 
view, need scarcely be insisted upon." And soforth ; while Latimer Clark 
himself, in a letter to the Editor, 17th January, 1862, writes : “The gentle- 
men who constitute the Committee to report to the British Association 
are but little connected with practical telegraphy, and there is a fear 
that while bringing the highest electrical knowledge to the subject, and 
acting with the best motives, they may be induced simply to recom- 
mend the adoption of Weber's absolute units, or some other units of a 
magnitude ill adapted to the peculiar and various requirements of the 
electric telegraph." 

The units proposed in the paper were, for electromotive force, the 
E.M.F. of a Daniell cell,“ which will probably be found sufficiently con- 
stant for this purpose" ; and, for quantity, the charge on one plate of a 
condenser consisting of two parallel plates 1 square metre in area and 
I millimetre apart, with air for the dielectric, when connected to the 
poles of a Daniell cell. 

Engineers present will realize what their position would now be had 
these simple practical units been chosen instead of the absolute units 
* ill adapted to telegraphy," and will estimate the debt due to Thomson 
and his colleagues accordingly. 

The Electrical Standards Committee in their earlier Reports discuss 
—so far as measurements of resistance are concerned—two distinct 
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questions, and it is well to keep them distinct. ‘They state that they 
had first to determine what would be the most convenient unit of 
resistance, and, second, what would be the best form and material for 
the standard representing that unit. With regard to the first point, two 
courses lay open to the Committee, viz. to adopt the absolute system of 
units devised by Weber and employed by Thomson since 1851, or to 
take as the unit the resistance of some definite portion of a material sub- 
stance, e.g. a column of mercury. The choice was soon made. Led by 
Thomson, the Committee, at a meeting at which all the members but 
one were present, decided on thc absolute system, and the choice has 
done more than perhaps any other single act to simplify and unify 
electrical measurements throughout the world. 

One word as tothe term “absolute.” It is used, says the Committee, 
“ in the present sense as opposed to the word relative, and by no means 
implies that the measurement is accurately made or that thc unit 
employed is of perfect construction ; in other words, it does not mean 
that the measurements or units are absolutely correct, but only that the 
measurement, instead of being a simple comparison with an arbitrary 
quantity of the same kind as that measured, is made with reference to 
certain fundamental units of another kind treated as postulates." 

Weber, in his great work Elektrodynamische Maassbeslimmungen, 
Part II, published in 1852, had put the matter clearly. In mechanics, 
he says, fundamental units are adopted only for length, timc, and mass ; 
the units of all other quantities considered in mechanics are defined in 
terms of these few fundamental units and are known as absolute units. 
To measure a resistance absolutely is to measure it in terms of the 
units of length and of time. 

The three electrical units, of current, electromotive force, and 
resistance, are connected by Ohm's law. Two of them, e.g. current 
and electromotive force, can be defined independently in terms of the 
fundamental units ; the third then follows naturally. 

The system devised by Weber possesses another quality which 
the Committee had laid down as necessary. The units bear a definite 
relation to the unit of work, for the unit current when traversing a 
conductor of unit resistance does a unit of work, or its equivalent, in 
a unit of time. Thomson pointed this out at an early date. 

For the units of length, mass, and time, the céntimetre, gramme, 
and second were ultimately selected—the Committee first suggested 
the metre as the unit of length, while Weber used the millimetre—and 
the C.G.S. system of units was born. Thanks to this, electricians under- 
stand each other's terms throughout the world. Compare its simplicity 
with the confusion from which it rescued us. 

The following table (see page 564), prepared by the Committee, 
shows the different units of resistance used in 1864 ; and some of the 
old standards employed before the introduction of the British Asso- 
ciation unit, or Ohmad as it was originally called, are on view 
to-night. 

An International Conference on Electrical Units is, even now, 
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somewhat confusing. The President of this Institution, who by his 
work as secretary contributed so much to the success of the Conference 


TABLE I. 
Absolute 
Description. Name. foot . 107 
second 
——————————————— ——— e 
uc ot foot | 
Absolute - conde 107 clectromag- | Absolute X107 | гооо 
second 
netic unis ym determination) | 
foot | 
ы. 7 Е Peer I'OSOS 
Absolute sod” 107 electromag- | Thomson'sunit  ... 505 
netic units (old determination) 
Twenty-five feet of a certain cop- | Jacobi Ех л. 2-088 
per wire, weighing 345 grains 
Absolute 1010 X 107 electromag- Weber's absolute 3'015 
second metre 
netic units determined by g X 107 
Weber (1862) eU 
‘One metre of pure mercury, one | Siemens's 1864 issue 3138 
square millimetre section, at 
o? C. 
One metre of pure mercury, one | Siemens (Berlin)... 3156 
square millimetre section, at 
o? C. 
One metre of pure mercury, one | Siemens (London) .. ‚| 3°194 
square millimetre section, at | 
o? C. 
British-Association unit . B.A. Unit, or Ohmad 3:821 
One kilometre of iron wire, four Digney aes 30°40 


millimetres in diameter (tempe- 
rature not known) 

One kilometre of iron wire, four | Bréquet  ... we | 32703 
millimetres in diameter (tempe- 
rature not known) 

One kilometre of iron wire, four | Swiss... ies e| 3421 
millimetres in diameter (tempe- 
rature not known) 

One English standard mileof pure | Matthiessen ... e | 4457 
annealed copper wire тұ in. 
in diameter at 15:5? C 


One English standard mile of one | Varley КИР xn 84-01 
special copper wire e in. in 
diameter 

One German mile — 8,238 yards German mile ә. | 1884 


of iron wire і in. in diameter 
(temperature not known) 


of 1908, can imagine what his labours would have been if he had had 
to deal with the fourteen units of the above table. 
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Table II, taken from the Report of the Government Committee on 
Submarine Cables, and printed in the first Report (p. 335), gives a 
comparison of the resistance of various specimens of copper and illus- 
trates the difficulties consequent on the absence of proper standards. 


TABLE II. Ё 


(All the wires were annealed.) 
Conducting Power. 


Pure copper IOO'O at 15°5 


Lake Superior native, not fused  ... .. 988 ,, 15°5 
Ditto, fused, as it comes in commerce e. 926 ,, т5'0 
Burra Burra ..  ..  ..  ..  .. 889, Іо 
Best selected  ... "S Zu de ce бї їз 142 
Bright copper wire  ... S ide uc 2:2 4 I5'7 
Tough copper ... ... е pa se 710.5 173 
Demidoff siis oe ae is se. 159'3 , 1277 
Rio Tinto EA ne i 9 б 142 „ 14°8 


So far the work had been fairly simple. The absolute system had 
been adopted, and it was settled that ro? C.G.S. units of resistance wasa 
convenient multiple of the unit for practical work, and that this should 
be called an ohmad or ohm ; but how was a standard having this value 
to be realized? Of what material was it to be constructed, and when 
made, how was its value to be determined in terms of the unit? 

The first problem was left to Dr. Matthiessen. As to the second, 
Weber had, in 1852, suggested various means by which the resistance 
of a wire could be measured absolutely, and in his paper had described 
the results arrived at by three methods for the resistance of a certain 
wire, as follows :— 


Weber's ist method ... 1903 х 10? millimetre/second 
2nd ” ves 1898 HE » ve 
» 3rd » TT 1900 » » » 


Maximum difference == 0725 per cent. 


An extreme difference of 5 in 1900 is no mean achievement for the 
first attempt, but the result differed by about 8 per cent from that 
found later by the Committee. 

Thomson and Fleeming Jenkin were asked to make a new deter- 
mination and construct standards each having a resistance of 1 ohm. 
The apparatus was designed by Thomson and built by White under his 
supervision. The method had been indicated generally by Weber a 
few months previously in his paper “Zur Galvanometrie," January, 
1862, but the Committee do not appear to have been aware of this. 
The experiments were conducted at King’s College by Maxwell, 
Fleeming Jenkin, and Balfour Stewart,then my predecessor as Superin- 
tendent of the Kew Observatory. 

Vor. 50. 97 
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The apparatus is on the table. It consists, as is well known, of a 
circular coil which can rotate about a vertical axis. This generates an 
electromotive force in the coil, and the current produced is measured 
by the ratio of this electromotive force to the resistance. A magnet is 
hung at the centre of the coil, and the current is also measured by its 
deflections. Equating these two values for the current, we find an 
expression for the resistance in terms of quantities which can be 
measured. Let me draw your attention to the formula— 


If n = number of turns of wire on the coil ; 
a — radius of the coil ; 
N z number of turns per second made by the rotating coil ; 
0 = deflection of the magnetic needle at the centre of the coil ; 


we have R 2m? rN a cot Ө. 

This neglects the effect of the self-induction of the coil and other 
corrections which in the aggregate are considerable. Thus if we know 
n and a and observe N and 0 we can find К; and R is determined, be 
it noted, in terms of a length a and N the number of complete rota- 
tions per second, which is the reciprocal of a time. R is given 
absolutely in terms of the units of length and time. 

The experiments were repeated in 1864 by Maxwell, Fleeming 
Jenkin, and Hockin. Thus the absolute resistance of a certain coil was 
determined, ohm coils could be compared with this by known methods, 
and the British Association standards were made thus. 

Table III gives the results of the 1864 experiments, and the com- 
parison with those of 1863. 

In constructing the standard coil, in consideration of the much 
greater range of velocities used in 1864, the 1864 mean value was 
allowed to have five times the weight of the mean value obtained 
in 1863. 

For the purpose of comparing two coils of nearly equal resistance 
the Committee used a modification of the Wheatstone bridge, due to 
Jenkin and indicated in Fig. 1. The bridge, made, I believe, by Messrs. 
Elliott Brothers for the work, is before you. It was employed recently, 
with quite satisfactory results, by Mr. F. E. Smith at the National 
Physical Laboratory to compare two coils. By its aid the Committee 
compared the resistance of the copper wire of the spinning coil with 
that of a german-silver coil before and after each spin. 

Meanwhile, Matthiessen and Hockin had been at work determining 
the material of which the British Association Standards were to be 
made, and as the result of numerous experiments an alloy of 66 per 
cent silver and 33 per cent platinum was selected. The reasons for this 
choice are given in an appendix to the fourth Report, 1866, together 
with an account of the means taken to compare the standards with the 
german-silver coils used in the absolute observation. A number of 
coils were made and distributed to public authorities and others. 
Some were sold ; Dr. Faraday, on behalf of the Royal Institution, was 
the first purchaser. The unit coils of various materials, and also two 
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mercury units, were prepared to be deposited at the Kew Observatory, 
and it is stated that “anyone possessing a copy of the British Associa- 
tion Unit may have it compared at any future time against one of these 
coils for a small payment.” . 

Some of these coils аге оп the table. They were taken by Clerk 
Maxwell to Cambridge, and formed the basis of the work of Chrystal 


TABLE III. 


Values found for Value of B.A, Unit in | | 


Time of roo | 


Eam, | Corea | Term of cons | Mego | Ero ith 

Experiment. Experiment. Experiments. | 

ыле ко | 

| | | | 
NEC CHEE NENNEN 
E RE ME d tee 

v | m mb [е се 

4179 46275 0'993Ó | 09925 | —o75 
E 19199 оде | 09924 оге 
v | fun | ew 
п | gao | оту рз tons 
16:89 46187 0°9895 | 1'0043 + 0'43 
CERE | TER E PO 
irs n тошо | 1'0040 | + d 
16737 4'5305 09707 | о | 77999 


Probable error of R (1864) = o'1 per cent. 

Probable error of R (1863) = 0°24 per cent. 

Difference іп two values 1864 and 1863 = 0'16 per cent. 
Probable error of two experiments = 0'08 per cent. 


and Saunder, Fleming, Rayleigh and Schuster, and myself at the 
Cavendish Laboratory. For the past thirty years they have been in my 
charge. In 1900 they came at last to the place for which they were 
originally intended—the Kew Observatory, the first home of the 
National Physical Laboratory—and since that time have been one 
of the treasured objects of Mr. F. E. Smith's care. They are, I think, 
the oldest set of accurate electrical standards now in existence, the type 
and forerunner of many others. Contrast the unity which they have 
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brought with the confusion of 1860. May we not say: “These be 
thy gods, O Israel, which have brought thee out of the land of 
Egypt and out of the house of bondage.” 

During their long history they have been intercompared many times, 
and the results afford interesting evidence as to the permanence of the 
materials of which they are made. Table IV gives the results of 
Matthiessen and Hockin's work. The main intercomparisons at later 
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dates were made by Messrs. Chrystal and Saunder in 1876, Dr. Fleming 
in 1878-81, myself in 1888, and Mr. F. E. Smith in 1908. A careful discus- 
sion of the results leads to the conclusion that with the exception of the 
two platinum coils known as D and E, Nos. 35 and 36 of Hockin's 
Table, all the others have changed. Table V gives the results obtained 
on this assumption. It includes seven of the original coils and the two 
other platinum-silver coils F and Flat. In Table VI the values of the 
coils, expressed in terms of the resistance of mercury, are given for 
two dates separated by a period of 27 years. This leads to the same 
result as to the permanence of the platinum coils. 


1913. ] THE FOURTH KELVIN LECTURE. 569 


TABLE IV. 
а | E 
| Temperatures 
| | | Ма wf 5 к) | at which coll | ЕЁ 
| Material of Coil. Coil. | ate of Observation. has ers Observer. 
| 10/ * | 
| "С, 
. ET th January, 1865 | 15°5 C.H. 
| ая | 2 irm Tone 1865 | 1070 A.M. | 
| ui | roth Feb., 1867 | 16'0 C.H. 
Te th January, 1865| 153 CH. 
т | 3 ira ae 1865 158 АМ | 
ш. || roth Feb., 1867 | I5'8 C.H. | 
TUNES | | {5th January, 1865 | 15:6 A.M. 
Gold-siiver alley «3 | 16 rt Feb. 1867 | 15-6 С.Н. 
| roth Apr il, 1865 | 15°3 A.M. 
| Gold-silver alloy ... | 58 |46th June, 1865 15'3 A.M. 
| ‘(roth Feb., 1867 | 15'3 C.H. 
[7th January, 1865 re C.H. 
Platinum  ... «| 35 |{181һ August, 1866 [577 A.M. 
| (10th Feb., 1867 1595 | CH. 
(7th January, 1865 | 155 | C.H. 
Platinum  ... .. | 36 |418 August, 1866| 155 A.M. 
(roth Feb., 1867 15°7 C.H. 
| ( 15th Feb., 1865 15:2 С... | 
Platinum-silver alloy | 43 pot March, 1865 15'2 A.M. | 
| troth Feb., 1867 15'2 Ct 
| | (2nd Feb., 1865 16:0 А.М. 
| Mercury  ... M I. |! 18th July, 1866 16'o A.M. 
| 11th Feb., 1867 16'7 C.H. 
зга Feb., 1865 14°8 A.M. 
Mercury ... A 11. |; 18th August, 1866 14°8 A.M. 
\тиһ Feb., 1867 148 C.H. 
Mercury  ... i | МИЯ, rith Feb., 1867 | 179. ү? о + 


TABLE У. 


Resislances at 16°0° C. in terms of the original B.A Unit (1867). 
(Values obtained through the two Platinum Coils D, E.) 


me a — -c ——— -— 2, zx 


Coil. | Material. 1867. 1876. 1879-81, 1888. | 1908, | Maximum 
| | | 
А Pt Ir 1 00000 1°00077 го 056 1*00147 1'00122 | 147 x —10° В.А Unit. 
B Pt Ir 1°00029 1'0012I 100080 1*00104 1`00098 92 ae 
Cc Au Ag 1'00050 1'00141 1'O0101 1°00146 1'00173 | 123 КА 
D 1*00092 1*00092 | 1:00792 I ‘00092 1°00092 о " 
E Pt 1'00152 1'00132 1'00152 I'00152 100152 o a 
F Pt Ag — — 1'00016 1'00072 гооїбо | 144 Уз 
G PtA 1°00022 1700030 | 0'99982 1'00025 1°00175 | 193 Н 
H Pt Ag 1 00020 — — 1'00042 1500044 2 : 
Flat| Pt Ag — — 1'00079 | 1700120 | 1°00125 46 
| 
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But the history of the British Association coils is perhaps a digres- 
sion : we are dealing with absolute units. 

The original Committee was dissolved at its own request in 187o. 
During the next ten years further measurements of absolute resistance 
were made, notably by Kohlrausch and Rowland, and these seemed to 
show that the Committee's determination was some 1 per cent too low. 
The experiments of Joule, to be referred to later, led to the same result, 
and a similar conclusion may be deduced from Matthiessen's deter- 
mination of the resistance of mercury. He states that the resistance of 
a metre-gramme of mercury is 13:06 B.A. units, while we now know 


TABLE VI. 


Giving the Values at 16:0? C. of certain Coils in cm. of Mercury in 1881, 
1888, and 1908, obtained from comparisons with Mercury Standards. 


} 1881. 
' Values deduced from 
Lord Rayleigh's deter- 


1888. 
Values at time of Dr. . 
Coil | mination of the specific 


1908. 
Glazebrook's deter- Values directly 


i | resistance of mercury. то 2 rus through N P.L. Difference. 
| F and Fiat were used; | relative values of coils | тегешу standards 
! coils see Table V. sec Table V. | 
| Cm. Cm. Cm. Cm. 
A 104°847 104'946 dre 0'O7I 
B 104872 104'90I 1049693 0°02 
C 104894 I04'945 104 972 0°07 
D 104°885 104°888 104:587 0'003 
E 104948 104'951 104'950 0003 , 
F 104°805 104843 104959 0°154 
С. 104°769 104:807 104974 0°205 
H | — 104:836 104:837 O'OOI 
Flat | 104871 104:898 | 104922 O'OSI 
| 


that this quantity is approximately 12°79 ohms. Thus ї B.A. unit = 
0'979 ohm, or the B.A. unit is some 2 per cent less than its nominal 
value. 

Accordingly, on the motion of Professor Ayrton, the Committee was 
reappointed in 1880, and a series of redeterminations took place both 
in England and abroad. An international congress, the first of its 
kind, was to be held in Paris in 188r ; and that year at the Jubilee meet- 
ing of the Association the first report of the new Committee was pre- 
sented, and much discussion took place as to proposals to be made at 
Paris. Lord Rayleigh, and Schuster, had already shown by observations 
with old British Association apparatus that the original result was 
wrong by r2 per cent, and Lord Rayleigh was at work with a new 
coil. The Congress met, with Mascart and Eric Gérard as secretaries.* 
Sir William took a prominent part in its discussions. He proposed 


е Nature, vol. 24, p. 512, 1881. 
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the substantial adoption of the absolute system of the British Associa- 
tion ; and after speeches by Wiedemann and Helmholtz, who favoured 
a mercury unit of resistance, the matter was adjourned and referred to 
a Committee. During the interval a compromise was arranged by 
the efforts of Mascart and Mr. (now Lord Justice) Moulton, and it was 
agreed that the fundamental units for electrical measuréments should 
be those of the C.G.S. system—the centimetre, the gramme, and the 
second, while the practical units should be the ohm (то? C.G.S. units) 
and the volt (10? C.G.S. units) The name ampere was given to the 
current produced by a volt in a wire of resistance І ohm, to7' C.G.S. 
units, and it was agreed (1) that the unit of resistance 1 ohm should be 
represented by a column of mercury 1 square millimetre in section at 
the freezing-point of water, and (2) that an International Commission 
should be charged with the duty of determining by new absolute 
measurements the length of this column. Sir William, says his 
biographer, was the life and soul of the conference, and it was due to 
him that the absolute C.G.S. system was thus adopted internationally. 

The article in Nature describing the work and dealing with the 
production of mercury standards concludes : “The German authorities 
assert that accuracy to one part in two thousand can thus be secured.” 

A number of determinations followed, and the Paris Congress met 
again in the spring of 1884. Mascart presented a table giving all the 
results then known for the length of the mercury column; the mean 
was 106'02 centimetres ; and the first resolution of the Conference was: 
“The legal ohm is the resistance of a column of mercury a square 
millimetre in section and 106 centimetres in length at the temperature 
of melting ice.” 

Thomson had been one of the English representatives along with 
Preece, Carey Foster, and others, and had wished for the adoption of a 
figure more nearly in accord with recent Cambridge work. To adopt 
the mean of all known results, differing, as they did, among themselves 
by over 2 per cent, was far from satisfactory, especially as Rowland 
was then at work on the question and his results were unpublished. 
Accordingly, the “legal ohm” was never formally adopted here. By 
1890 the question of establishing legalized standards in England had 
become ripe for settlement, and the Board of Trade appointed a Com- 
mittee on Standards for the Measurement of Electricity for Use in 
Trade. The Committee consisted of Mr. Courtenay Boyle, Major 
Cardew, Mr. Graves, Mr. Preece, Sir William Thomson, Lord Rayleigh, 
Dr. Hopkinson, Professor Aryton, Professor Carey Foster, and myself. 

Table VII and the top portion of Table VIII show the values 
available to guide their decision; and as the result they adopted as 
the resistance of the British Association unit the value 0:9866 ohm, and 
106'3 centimetres for the length of the mercury column having a resist- 
ance of 1 ohm at о° С. From these it follows that the resistance of 
r ohm in British Association units is given by— 


1 ohm = 1'01358 B.A. units. 
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Part of the apparatus used in the English determinations is before 
you, and Fig. 2 gives a view of Lord Rayleigh’s apparatus. In explana- 
tion of the error made by the original Committee it should be stated 
that Lord Rayleigh had shown that it almost certainly arose from the 
assumption of a wrong value for the correction due to the self-inductance 
of the coil. 

With a view to securing international agreement, publication of the 
Report of the Board of Trade Committee was deferred to the autumn, 
and the resolutions were discussed by the British Association, at Edin- 
burgh, іп 1892. Helmholtz, at Thomson's invitation, came over for the 
meeting, while Lindeck and Kahle, Dr. Guillaume and Professor 


TABLE VIII. 


Value of the Ohm expressed as the Resistance of a Column of Mercury. 


Mean ... ..| 10629 


. Lord Rayleigh  ... | 1882 Rotating coil 10631 
Lord Rayleigh ... | 1883 Lorenz 106°27 

| Mascart  ... ... | 1884 | . Induced current 106°33 

' Rowland ... ... | 1887 Mean of several methods 106°32 
Kohlrausch ... | 1887 Damping of magnets 106°32 

| но D net | Induced currents 106°29 
Wuilleumier ... | 1888 — 10631 
Jones «és .. | 1801 Lorenz 106°31 
Jones hs ... | 1892 Lorenz 106:32 
Ayrton and Jones... | 1897 Lorenz 106:27 
Guillet es ... | 1899 Induced currents 10621 
Campbell ... .. | I912 Alternating currents 106:27 

| 

| 


Carhart also attended; and with a slight alteration in the form of 
words defining the mercury column, they were agreed to with the full 
concurrence of all. Sir William, who had become Lord Kelvin early in 
the year, was present and gave his valuable help. 

Next year, 1893, the Board of Trade Committee drew up an amended 
report to agree verbally with the Edinburgh resolutions, and at the 
International Conference in Chicago, held in August, 1893, under the 
presidency of Helmholtz, definitions were accepted for the international 
units in accordance with the same, while in August, 1894, the English 
Order in Council defining new denominations of standards for use in 
electricity under the Weights and Measures Act was approved by the 
Queen in Council. Resistance coils which had been compared with 
the British Association standards at Cambridge were set up at the 
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Fic. 3.—Board of Trade Current Balance. 
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Board of Trade Laboratory as the standard of electrical resistance, and 
a balance, calibrated by means of the silver voltameter, was constructed 
as a standard of current. This is shown in Fig. 3. 

Leaving for the present the history of the unit of resistance for the 
last 18 or 20 years, let us turn to that of the other two units—those of 
current and electromotive force: it can be more brief. Only two of the 
three units are independent, and for a time it was not clear whether 
current or electromotive force should be chosen as the second. Weber 
indeed, in 1851, had selected these as the two fundamental units, defin- 
ing them, however, in a manner that depended on the strength of the 
earth’s magnetic field, which Gauss had shown in 1833 could be 
measured absolutely. 

The relations between the various quantities occurring in electrical 
measurements are discussed in Appendix C to the second Report of the 


Fic. 4.—Weber's Electrodynamometer. 


Committee by Clerk Maxwell and Fleeming Jenkin, and their statement 
should be carefully studied by every student. Electric currents, they 
point out, can be measured (1) by their action on a magnetic needle ; 
(2) by their mutual action on each other ; and (3) by their chemical 
effects. The first method is exemplified by the sine or tangent galvano- 
meter, the second by the electrodynamometer devised by Weber 
(Fig. 4), or the current balance, and the third by the voltameter. 
The first method is not suitable for absolute measurement because 
of the difficulty of determining H sufficiently accurately. The third 
involves the relation between the current and the amount of chemical 
action produced in the voltameter, and is therefore not an absolute 
measure ; and we are thus left with the second—the electrodynamo- 
meter and the current balance, There are before you the earliest 
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current balance and one of the earliest tangent galvanometers. They 
were used by Joule in his celebrated experiment. 

This experiment was the well-known one of measuring the mechani- 
cal equivalent of heat by electrical means: it is described in the fifth 
Report of the Committee, Dundee, 1867, Appendix VI. Thomson had 
shown in 1851 how the results could be obtained. It was necessary, 
however, to know the resistance of a wire in absolute measure before 
they could be completed. 

The result for the equivalent, assuming the British Association unit 
to be 10° C.G.S. units of resistance, was 42°119 X 10°C.G.S. units, while 
the value found from the stirring of water was 41:586 x 10° C.G.S. 
units. The agreement was thought to be very satisfactory by the 
Committee. They write, after stating that Joule thought the electrical 
method more accurate than the frictional :— 

“ Meanwhile the experiments already completed remove all fear 
of any serious error either іп the number hitherto used as Joule's 
equivalent or in the British Association standard—a fear which hitherto, 
remembering the very discrepant results obtained by others, has been 
very naturally entertained even by the Sub-Committee from whose 
experiments the standard was constructed." 

We know now that both Joule's figures were more nearly correct 
than the work of the Sub-Committee. The slight difference arose from 
the fact that the British Association unit is not exactly 10? C.G.S. units, 
and the ratio of the two figures just stated gives the value of the 
British Association units in ohms. This ratio is 0:9873, agreeing very 
closely with the figure 0:9866 which we have seen was accepted in 1893 
as the value. 

There is also on the table part of another electrodynamometer, that 
made for the Committee and referred to in the Reports for 1864 and 
1865 and briefly described in that for 1869. Its coils were used by 
Lord Rayleigh in some experiments to be described later. 

* As to the volt, no direct means exist for determining it in absolute 
measure, at least if we exclude electrostatic measurements. Its 
measurement involves that of a current and a resistance, and the Com- 
mittee in their second Report, 1863, suggests the use of a Daniell cell 
when the value of its E.M.F. is known in absolute units. The Daniell 
cell for this purpose has been replaced by the Clark cell (Proceedings of 
the Royal Society of London, vol. 20, p. 444, 1872) and, more lately, by 
the Weston cell. Upto 1881 the volt was retained in the second place 
as the second independent unit defined as то? C.G.S. units of E.M.F., 
while the ampere was the current produced by a volt acting on an 
ohm. In 1884 this was altered ; the ampere took the second piace, 
defined as 10^' C.G.S. units, while the volt was the E.M.F. required to 
maintain an ampere in a resistance of 1 ohm. 

During the interval, current balances had been set up by Mascart 
and Rayleigh, who had measured the mass of silver deposited in one 
second by a current whose value was determined absolutely by the 
balance. This work was repeated by Kohlrausch and others, and it 
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was recognized that a current of 1 ampere deposited per second from 
а solution containing silver about o*'o01118 gramme of silver, provided 
certain conditions as to the voltameter and the solution were complied 
with. Knowing this figure, it became possible to measure currents or to 
standardize ammeters by the use of the silver voltameter. Again, using 
this figure to standardize a current and the known value of a suitable 
resistance, the E.M.F. of a cell can be measured ; and it was found 
that the Clark cell set up with proper precautions had an E.M.F. of 
1°434 volts at 15°C. 


TABLE IX. 


Electrochemical Equivalent of Silver. 


| Mgm. per Sec. 
1884 Rayleigh and Sidgwick is is I'1179 
1884 Kohlrausch  ... je is iiis I'1183 
1884  Mascart scs bus ee ps I'I156 
1890 Pellat and Potier  ... i ade I'1IQ2 
1898 Kahle ... T vus ids I'1183 
1898 Patterson and Guthe - i кк I'1192 
1903 Pellat and Leduc ... m - I'1195 
1904 Van Dijk and Kunst ... sie is I'1182 
1906 Guthe ... T sus I'1182 
1907 Smith, Mather, and Uo iss I'1182, 
I908 Laporte and dela Gorce  ... ios I'1182, 
1912 Rosa, Dorsey, and Miller... ЗЕЯ 181180, 
TABLE X. 
E.M.F. of Clark Cell at 15° С. 

Volts 
1872 Clark... з SS 14378 
1884 Rayleigh and Sidgwick- sie js 1'4345 
1896 Kahle ... iis m eds 1:4322 
1899 Carhart and | Guthe - е Los 1'4333 
1905 Guthe ... гез 1°4330 
1907 Ayrton, Mather, and Smith . NT 1°4323 

Indirect Determinations of E.M.F. of Clark Cell. 

1884 Von Ettinghausen  ... i Pa 1°4335 
1885 Rayleigh m T a ss 1'435 
1892 Glazebrook and Skinner ВЕ ois I'434 


I904 Trotter ... aoe sie vr sis 1°432, 


Lord Rayleigh’s experiments at Cambridge, to which there are 
many references in Kelvin’s life, were largely instrumental in estab- 
lishing these results, and there are shown to-night parts of his current 
balance and some of the cells used by him; also cells constructed by 
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Principal Griffiths for his determination of Joule’s equivalent. Fig. 5 
gives a view of the balance. These various figures (given in the upper 
parts of Tables IX and X) then formed the basis of the English Order 
in Council of 23rd August, 1894, in which the ohm is said to have the 
value ro? in terms of the centimetre and the second of time, and to be 
represented by the resistance of a certain column of mercury 10673 
centimetres in length. The ampere has the value 107! in terms of the 
centimetre, gramme, and second, and is represented by a current 
depositing о'оо1118 of a gramme of silver per second. The volt has 
the value то? in terms of the centimetre, the gramme, and the second, 
and is represented by 0°6974 (1000/1434) of the electrical pressure 
between the poles of a Clark cell. The practical effect of this Order 
is the same as that of the resolutions of the Chicago Congress of the 


Fic. 5.—System of Lord Rayleigh's Current Balance. 


preceding year, which introduced the international ohm, ampere, and 
volt, and defined them thus :— 


The international ohm is said to be based upon the ohm equal to 
IO? C.G.S. units and to be represented by the resistance of a certain 
mercury column. The international ampere is ro~! C.G.S. units and is 
represented sufficiently well for practical use by a current depositing 
0'001118 gramme of silver per second; while the international volt is 
represented sufficiently well for practical purposes by 1000/1434 of the 
E.M.F. of a Clark cell at 15?C. 


The difference in phraseology between the resolutions and the 
Order in Council should be noted. Moreover, according to the former, 
the international ohm is not ro? units, but is based upon this and is 
the resistance of 106°3 centimetres of mercury, while the international 
ampere and volt were defined as C.G.S. units and were to be repre- 
sented by the current depositing a certain mass of silver and a certain 
fraction of the E.M.F. of a cell respectively. 
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So matters stood for some years. We pass now to more modern 
times. The National Physical Laboratory was opened at Teddington 
in 1902, and the resistance coils and other apparatus of the Committee 
came under the care of Mr. F. E. Smith. In 1897 Professor Viriamu 
Jones and Professor Ayrton described a new apparatus constructed for 
McGill University for determining the ohm by Lorenz’s method, and 
in this apparatus the field coil consists of a single layer of wire wound 
in the helical groove on a marble cylinder. It followed from these 
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Fic. 6.—]ones's Lorenz Apparatus. 


results that the length of the column of mercury having a resistance of 
т ohm is 10628 cm. The apparatus is shown in Fig. 6. 

Discrepancies still existing as to the value of Joule’s equivalent 
when determined by mechanical and electrical means, and amounting 
to about т part in 400, had in 1897 led the Committee to express the 
view that a determination of the electrochemical equivalent of silver— 
on which depended the value to be used for the E.M.F. of the cells 
employed in the electrical method—should be made ; and next year, 
1898, at the Bristol meeting, Ayrton and Jones described their design 
for an ampere balance of high accuracy. Jones's illness and death 
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prevented the realization of this for some time. In 1903 it was 
arranged that a balance in accordance with their designs should be 
constructed at the Laboratory, and this was taken in hand. Mean- 
while difficulties had been found with regard to the use of the Clark 
cell. An International Congress was held at St. Louis, in 1904, in con- 
nection with the Exhibition, at which attention was called to the fact 
that there were discrepancies between the laws relating to electrical 
units in the various countries represented, and urging the appointment 
of an International Commission to report on the matter. A conference 
was held at the Reichsanstalt in October, r905, at which a resolution 
was passed in favour of holding an International Congress in London, 
and this took place in October, 1908. Among other things, the Berlin 
Conference recommended the adoption of a Weston standard cell in 
place of the Clark cell. 

Meanwhile there appeared, in 1907, a series of papers giving the 
results of work by Ayrton, Mather, Smith, and Lowry, on the current 
balance, the silver voltameter, and the Weston cell ; the results of 
these were of great value to the Congress, and an account of them 
follows later. 

The Congress for the first time made a clear distinction between 
two sets of units—the ohm, the ampere, and the volt, and the inter- 
national ohm, international ampere, and international volt. Let me 
spend a few moments in explaining the reason for this. The difference 
had been definitely recognized at Berlin and, to some extent, at 
Chicago, but the definitions there adopted were ambiguous. Thus the 
ohm is 10? C.G.S. units of resistance, and the international ohm is the 
resistance at о° C. of a column of mercury of constant cross-section 
and having a mass of 144521 grammes and a length of 106°300 
centimetres. The ampere is 10^' C.G.S. units of current, while the 
international ampere is the current which when passed through a 
solution of nitrate of silver in water under certain specified conditions 
deposits silver at the rate of o'oo1 11800 of a gramme per second. The 
volt is то? C.G.S. -units of resistance, and the international volt is the 
electrical pressure which when steadily applied to a conductor having 
a resistance of 1 international ohm produces a current of 1 inter- 
national ampere. The Congress also decided that the Weston nor- 
mal cell might be conveniently employed as a standard of electrical 
pressure, having provisionally, at 20°C., ап E.M.F. of roi84 inter- 
national volt. 

The reasons for the distinction may be briefly put. It had not been 
found possible to measure electrical quantities absolutely to the same 
accuracy as was obtained when comparing two resistances and two 
currents. Methods of comparing two resistances to an accuracy of 
some few parts in 100,000, or even of 1,000,000, were in use, and 
confusion was caused because in attempting to make a concrete 
standard to represent an ohm uncertainties of 1 or 2 in 10,000 were 
possible. It was necessary to have a standard more definite than any 
existing concrete representation of ro? C.G.S. units, and all that could 
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be done was to construct some material standard of resistance having 
the necessary permanence and capable of being reproduced with the 
desired exactness. For the sake of securing the tremendous advantages 
of an absolute system, it was necessary that these concrete standards 
should approach as nearlv as might be to the absolute units. The 
disadvantage of the continual change in standard required as each 
more accurate investigation approaches more nearly to the absolute 
value 10° C.G.S. units far outweighs the gain. We know that the ohm 
and the international ohm differ by a small quantity negligible for 
nearly every purpose : what that difference is, experiment will determine 
with ever-increasing accuracy ; but the practical standard—the inter- 
national ohm—remains fixed. The two zeros at the end of the figure 
106:300 were added to make this clear. We often need to measure a 
resistance in terms of a standard to more than four figures; if the 
Standard itself is only defined to four figures, such a comparison is 
unmeaning. 

The change is of the same nature as that which has taken place in the 
centimetre and gramme. Originally the metre was one ten-millionth 
of the distance along a meridian arc between the pole and the equator ; 
it is now the distance between two marks on a platinum-iridium bar at 
Paris. The kilogram was the mass of 1,000 cubic centimetres of water ; 
it is now the mass of a certain lump of platinum. 

Lengths could be compared with an accuracy far beyond that 
possible in measuring a meridional arc, and masses weighed against 
a standard mass with much higher exactitude than is reached in 
finding the mass of 1,000 cubic centimetres of water. So, too, with 
electrical quantities. Standards can now be set up in terms of the 
international units with an accuracy much in excess of that with 
which the ohm and ampere were known at the time of the London 
Congress, thanks in great measure to the co-operation between the 
National Standardizing Laboratories, secured by a Permanent Com- 
mittee set up by the Congress. So far as England is concerned, the 
work of the Conference was confirmed by an Order in Council, dated 
January, 1910, and recognizing the three international units. 

Lord Kelvin died a year before the London Conference was held 
and did not see the results of his long labours for the absolute system 
crowned by its international adoption. Its work was the natural 
outcome of deliberations in which for some forty years he took the 
leading part, and its success is a lasting memorial to the principles he 
laid down in the first Report of the Committee. 

The Congress settled the definitions. There was more to be done, 
however, before it could be said that the standards which embodied 
those definitions in concrete form were uniform throughout the world, 
and this was left to Lord Rayleigh’s Committee. 

Meanwhile it remained also to determine as accurately as possible 
the differences between the ampere and the international ampere, and 
between the ohm and international ohm. Let us consider these 
briefly in order. 

VoL. 50. 88 
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At the time of the Congress the researches with the Ayrton-Jones 
balance by Ayrton, Mather, Smith, and Lowry, had just been published. 
These were followed immediately by work in France by Janet and his 
colleagues, by Guillet and by Pellat. Professor Haga’s work was pub- 
lished in 1910. A very elaborate series of experiments has just been 
published by Rosa, Dorsey, and Miller, of the Bureau of Standards, who 
write when describing the work at the National Physical Laboratory : 
“This work . . . marks the beginning of a new epoch in the history of 
the absolute measurement of electrical quantities.” 

Figs. 7 and 8 show the Ayrton-Jones current balance; Fig. 9 the 
balance of the Laboratoire Central d'Électricité ; Fig. 10, Pellat's 
balance, and Fig. 1r, the Bureau of Standards balance. The results 
with the Ayrton-Jones balance are given in Table XI. 


TABLE XI. 


Ayrton-Fones Current Balance. Value for E.M.F. of Weston normal cell, 
I'01830 al 17? C. 


Of the 71 determinations made— 
7 are within 1 part in 1,000,000 of the mean. 


I4 T 2 parts - » 
28 » 5 LP ” „э 
53 3) IO » » ) 
66 3 15 Д1 M 9” 
70 )) 20 ) 9) э» 


The difference between the Ayrton-Jones form of balance at ће 
National Physical Laboratory and the Rayleigh form, or, perhaps, 
rather the Joule form adopted elsewhere, should be noted. In the 
National Physical Laboratory balance the actual dimensions of the 
coils can be measured with high accuracy. In the Rayleigh form, as 
Lord Rayleigh showed, the principal constant depends on the ratio of 
the mean diameters of the fixed and suspended coils, and can be deter- 
mined by electrical means. Experiments arc now in progress at the 
Reichsanstalt. 

Summing up our knowledge at present, we may claim that the 
ampere deposits from a solution of nitrate of silver under definite con- 
ditions о'0011181, gramme per second, and that, therefore, the 
international ampere is less than 107* units by oor, per cent. 

As to the ohm, less has been done. Viriamu Jones at the time of his 
death was designing new apparatus for its determination by Lorenz's 
method, and the Drapers Company had promised a gencrous grant 
towards its construction. In 1902 the Company intimated to the Com- 
mittee of the National Physical Laboratory their wish to place £700 at 
the disposal of the Laboratory for the construction of the apparatus as 
a memorial to him. This was gratefully accepted, and the apparatus 
was designed by Mr. F. E. Smith; and with Sir Andrew Noble's 
generous help the machine was constructed at Elswick. 


Fics. 7 and 8.—Ayrton-Jones Current Balance at the National Physical Laboratory. 
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Fic. 9.—Current Balance (Suspended and Fixed Coils) of 


the Laboratoire Central d'Electricite. 
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Fic. 10,—Pellat’s Current Balance. 
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Fic. 11.—Bureau of Standards Current Balance. 
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Fic. 12.—Diagram showing Magnetic Field of the Lorenz Apparatus at the 
National Physical Laboratory. 
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Fics. 13 and 14.—Lorenz Apparatus at the National Physical Laboratory. 


Digitized by Google 
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This machine differs from other apparatus of the kind in having two 
pairs of fixed coils and two rotating discs. This is shown diagrammati- 
cally in Fig. 12. The rubbing contacts, then, by which the E.M.F. 
generated in the rotating disc is picked off, are thus exactly alike, and 
the thermal E.M.F.’s generated at the contacts balance very approxi- 
mately. With brushes rubbing on the disc and on the shaft respectively 
this is not the case. Again, the dimensions of the disc and coils are 
so chosen that in the position occupied by the edge of the disc the 
magnetizing field due to the coils is zero. Thus a slight error in the 
size of the disc produces a very small change in the number of lines 
of force which traverse it, and, hence, a very small error in the 
result. Again, the edge of each disc has been divided by Mr. Smith 
into ten insulated segments. The shaft is hollowed, and the corre- 
sponding segments on the two discs are connected by insulated wires 
passing through the hollow shaft. A certain E.M.F. (E, say) is pro- 
duced when the discs rotate between each corresponding pair of seg- 
ments. The brushes outside are so connected as to put these pressures 
in series. Thus the total E.M.F. is 10 E, and a resistance can be 
measured ten times as great as would be possible with the usual 
arrangement. 

Figs. 13 and 14 show the machine. 

Mr. Smith has just completed his first series of experiments, with 
the result that he finds that the length of the mercury column 
representing the ohm is less than 10627 cm. 

In 1912 Mr. Campbell made a determination by two interesting 
methods at the National Physical Laboratory. In one of these the 
coefficient of mutual induction of his standard inductance was com- 
pared by a modification of Carey Foster's method with the capacity of 
a standard condenser ; the capacity of his condenser was then found 
by Maxwell's method in terms of a resistance, and thus the resistance 
was measured in terms of the mutual inductance and a frequency. 

In the other method (Fig. 16) two nearly equal simple harmonic 
currents in quadrature are employed. One of these, Acosw/, induces 
an electromotive force, Aw M sin о /, in the secondary of a mutual 
inductance. The other, B sin w /, traverses a resistance, R, producing 
ап E.M.F., RB sinw/, between its terminals. The resistance R and 
the secondary of the inductance are in series with a vibration galvano- 
meter tuned to the frequency of the current. 

If the galvanometer is not deflected— 


A wM — В.Е, and thus R=fe.M, 
These observations of Mr. Campbell lead to the value 106'27 for the 
length of the mercury column representing 1 ohm, ro? C.G.S. units. 
Since the Congress the Standardizing Laboratories of France, Ger- 
many, Great Britain, and the United States have co-operated as far as 
possible in securing identity of standards. This was greatly helped by 
a visit of representatives of the European Laboratories to Washington 
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in 1910, rendered possible by the kindness of Dr. Stratton and the 
munificence of various electrical interests in the States. Tables XII- 
XVI show how fully success has attended these efforts. A number of 
mercury tubes have been constructed at the National Physical Labora- 


FiG. 15.—Campbell's Mutual Induction Standard. 


tory lately, and Table XII gives their values in terms of the means of 
the whole series. The average difference is about 1 part in 100,000. 

In Table XIII we have the values of a series of coils compared with 
the standards in Washington, Paris, Berlin, and London. Tables XIV 


A cos wl 


B sin tt 
Fic. 16. 


and XV give corresponding values for a number of Weston cells, while 
Table XVI shows the results of the series of combined experiments at 
Washington on the silver voltameter. 

We may claim, I think, that, in spite of the forebodings of the 
technical men of 1862, the efforts of Kelvin and his colleagues have 
been successful; and, thanks to him, electricians possess a simple, 
accurate system of standards unequalled in any other science. 
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TABLE XII. 


New Mercury Standards of Resistance. 


Observed 
No. Length Calib Mass of | Calculated | Resistance Diff. 
of Glass. at с C. Fa t 76 Mercury |Resistance,| іп Terms | obs.—calc. 
Tube. Mm. с аі о С. | int. ohms. | of Mean | 1x 10—5. 


n | 1058125 | 100007; | 14:33393 | 09099945 | 0909993; | —0'8 

9| » 59''| 1000756 | 1"000115 | 12°8274, | 0909956; | 0°999579| +12 
I1 | „» 16''| 929586 | 1°00018, | 1170679; | 0'99965 | 0'909967, | +14 
27 » 50% | 812187 | r'oo007, | 844755 | 0999771 | 099976: | — 10 
S |Verre dur | 1188:249 | 1700002; | 18:0776, | 0799976, | 0799976, | --073 
G » .» | 1160300 | 17000125 | 1772438, | 0'ü99838 | 099985. | 4-17 
I | Jena тб!!! | 1138:576 | 1100002, | 16°5965, | 0799986, | 0'999854 | — 073 
130 | » 5 800 722 | 1:00007, | 8°21978 | 0:99967, | 099968, | --07 
137»  » | 712299 | г'00000в | 64993, | 0999485 | 0'99946, | – 2:0 
5 | Verre dur | 1098:653 | 100007, | 15/4645; | 099916, | 0799917, | 4-076 
II » эӊ» 1024146 | 17000075 | 13'4291; | 0'9(9987, | 0'99986, | — 14 
12 ES v 1049:821 | [°00010, | 1471116, | 099984. | 0999855 | +11 


of all. 
2 | Jena 16"! | 1028:879 | r'oooto, | 1375540; | 099986; | o o| —06 
6 . 
13 »  » | 1060576 | 100013; | 14°4321, | 0999675 | 0'90067;| -03 


TABLE XIII. 


International Comparisons of Resistances, 1912. 


! 

Bureau of | Laboratoire е Боп Laboratoire Max 

Coil No. ! Standards, Central. : y Central, . . 
Reichsanstalt.| Laboratory, Nov Difference. 

! June, 1912. | Sept., 1912. Oct., 1912. Oct., 1912. OV., 1912. 

11 I'00004, | 1°00004, | 1°00003, | 1'00003, | 1:00004; | 9°00001, 
12 5 + 3; 39 4: 14 
3939 105 94 9, 9; 94 Og 
3940 10, 94 9з 9; 9; Ов 


Means 1°0G007, | 1°00006, | 1:00006, | 1°00006, 
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TABLE XIV. 


E.M.F. of the Weston Normal Cell at 20°C. in terms of the Ampere 
(107? C.G.S.), and the International Ohm. 


1905 Guthe "e = sii T .. 1'0185 volts. 
1906 Ayrton, Mather, and Smith -—- "T 82 , 
1908 Janet, Laporte, and Jouast T oe 86 ,, 
1908 Lippman and Guillet  ... Sir Е 82 ,, 

` т908 Pellat Jok dias 555 ae os 84 » 
1910 Haga and Boerema s ве iss 82. 4 
1912 Rosa and Dorsey ... Si sus we 82 ,, 


E.M.F. at 20°C. in terms of the International Ampere and 
International Ohm. 


1906 Ayrton, Mather, and Smith ... ... 10184 int. volts. 

1908 Laporte and de la Gorce... iis axe 84 T 

1909 Jaeger and v. Steinwehr ... E se 84 - 

1910 International Committee at Washington 83 н 
TABLE ХУ. 


International Comparisons of Weston Cells which travelled between the 
Various Laboratories. Differences in Microvolts. 


staid: B.S. 5 NPL. ETR. М.р, L.C.E. NPL. B.S. 
Celt No: jus iot. DA I. Oct oU TIL ioi рес, о I. ав 
262 — 6 — — 70 — — 80 | —60o =. 
267 41 = oj — — — — | 
268 3 — — 15 pe. = = EM 
51 79 = — 70 a — 30 e ES 
32 —69 — —II5 — —130 — — 
301 —24 =D. башы m — I5 E —40 
304 19 23 о — о — 7 
309 9430. | 2p. 45^) m “оше 20: | ee 
310 о —4 | — 25 — — IO — —44 
' AI —13 —12 | — 15 — — 10 — —22 
43 2 3 | — 30 = 5 — о 
44 о == == ее; mx — — I 
19 —27 — |—45 | —39 E = —28 
22 —31 — — 40 | —29 — — —30 
238 — 2 — 20 52 — -— —10 
350 —24 — — 20 I — =. —24 
352 —31 e — 45 | —30 =з T 3-99 
133 == = =? — 30 — 34 
HE = 5 т = 30 | — 33 
r3 == =з = == т — 6 j| —5 
1°33 = m: == — — —16 —16 
17 е EX = es = — 5 | —8 
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TABLE XVI. 


Comparison of Voltameters. 


(Four forms of Voltameters and four experimenters—American, French, 
German, and British.) 


Date, 1910. ус a Westen Nonus Difference from 
in Circuit, Cell at 20? С. Mean. 1x107 5, 

April 14 4 l'0o1825  . ni 

» 15 33 = 

» 18 27 —4 

» 20 М 31 о 

» 22 29 —2 

” 26 $ 37 +6 

» 28 4 32 +1 

„30 5 34 +3 
Мау 2 7 37 af 

” 3 3 

» 5 à 3 +4 

”? 7 8 2 —3 

» 12 6 30 —I 

» 19 4 26 —5 


Mean = roi83r. 


Mr. ALEXANDER SIEMENS: I am delighted to see such a large 
audience of young men here to-night to hear the history of those 
electrical units which they are using every day, and which have proved 
of the utmost value in the practical applications of electricity. Those 
units have enabled us to compare without difficulty results obtained in 
different countries, and they have ensured that everybody who is 
engaged in research measures accurately ; and, of course, science 
is measurement. No doubt Lord Kelvin did more than anybody else 
to develop the ideas which Professor Weber first set forth when he 
described his absolute system of units; but I should also like to draw 
attention to the fact that it was Dr. Werner Siemens who first 
suggested that mercury was the best substance of which to make the 
units of resistance. In trying to measure the resistance of cables, he 
found that a unit was absolutely necessary, and so he introduced a 
mercury unit of one metre length and one square mm. in section.* 
Without any doubt the scientific determination of the units and their 
relation to each other has helped us very much indeed. The practical 
units of which Dr. Glazebrook has spoken were introduced purely for 
commercial purposes, because it is impossible repeatedly to alter such 
units with the progress of exactitude in measurements. Dr. Glazebrook 

* Poggendorf's Annalen der Physik und Chemie, vol. 110, p. 1, 1860; and Report 


pP Thirtieth Meeting of the British Association for the Advancement of Science, p. 32, 
I . 
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has given us such a clear statement of the development of these units 
that the Institution ought to be exceedingly grateful to him ; I have 
therefore much pleasure in moving that a hearty vote of thanks be 
accorded to Dr. Glazebrook for the Kelvin Lecture that he has just 
delivered. 
Dr. SiLvANus P. THoMpsON : I have much pleasure in seconding the 
vote of thanks which has been proposed by Mr. Siemens. I have no 
doubt that the president has called upon me to do so because I had the 
honour of giving the first Kelvin Lecture. While appreciating the privi- 
lege of seconding this resolution, I wish, however, that he had called upon 
another person who has honoured us with his presence to-night—Lord 
Rayleigh. Lord Raylcígh has played an important part in the making 
of history in these units from about 1878, and we cannot be oblivious of 
the fact that we owe a very great debt to him for the vast amount of 
classical work, substantial, accurate, scientific work, with which his 
name will ever be associated in this matter of units. I was particularly 
glad to see Lord Rayleigh's coil spun to illustrate the determination of 
the ohm. Very few of us, I imagine, had any kind of grasp of the 
prodigious amount of thought, of patience, time, money, and effort that 
have been spent since the years 1859 and 1860, when this subject of 
units became urgent, down to the present time, in the determination and 
the redetermination of the values of these units and the standards which 
represent them. To have gained such an excellent view of these pieces 
of intimate scientific history, and at the hands of, one who played no 
unimportant part in the work—of which he has said all too little to-night, 
in acting for many years as the Secretary of that British Association 
Committee—is, I feel, a very great privilege indeed. But the matter 
does not stop there. Important as all this work has been, important as 
Dr. Glazebrook's work has been in connection with the units and their 
history, there is something else, I think, that we must not forget. It is 
five years and two months since Lord Kelvin died. He was, as we have 
heard, intimately connected from the very beginning with this work, 
and he established at Glasgow the first laboratory where accurate elec- 
trical measurement was possible in this country ; and every university 
and every college since have deemed it right to do something at any rate 
toward teaching accurate electrical measurement. But there was an 
object to be fulfilled beyond that which could be fulfilled either in Lord 
Kelvin's laboratory at Glasgow or in the Cavendish laboratory at Cam- 
bridge, where Maxwell, and after him Lord Rayleigh, and with him Dr. 
Glazebrook, and down to the present timc Sir Joseph Thomson, have 
worked. There was something still to be desired, and that was the 
making of a national laboratory where this kind of work could pro- 
ceed on a larger scale and with a greater certainty of continuity. As 
we all know, for the last eleven years we have had this National Physical 
Laboratory under the charge of Dr. Glazebrook. Other nations have 
their Laboratories. We owe it to the fact that there are these great 
National Laboratories working in accord at the verification of results 
that no longer have we any burning question about units, and that the 
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value of the units has become a thing judged. It is no use to raise fresh 
issues, but one may mention in passing that the National Physical 
Laboratory has surpassed itself; for after having persuaded the Con- 
ference that met in London in 1908 to add two zeros on to the 106°3 and 
make it 106°300, they have, through the work of Мг. F. E. Smith, shown 
how incorrect that is, and that it is 10627, or something of the sort. 
They are actually undoing the details which they themselves put in, 
and are showing that there is something better to be attained. Have 
we realized—I do not think any of us have—the immense amount of 
work, energy, time, and patience which is now being spent, under the 
auspices of the Director, Dr. Glazebrook, and the President of the 
Committee, Lord Rayleigh, in our National Physical Laboratory? Is 
it realized that we arc spending £32,000 a year, for that is the total of 
the budget of the National Physical Laboratory? Even so that sum is 
not enough for the work that is going on there. The progress of science 
will demand either from the Government or from other sources a large 
increase in the budget of the National Physical Laboratory. We must 
be prepared to support the cfforts that are being made to extend and 
amplify the work of the National Physical Laboratory. None of us 
would undervalue its work ; and I am quite sure that, after hearing the 
Kelvin Lecture from Dr. Glazebrook to-night, none of us will be dis- 
posed to say anything else but that Dr. Glazebrook is pre-eminently the 
right man in the right place for carrying forward the work of the units 
and standards and all the varied research now in progress in the 
National Physical Laboratory. I have much pleasure in seconding the 
motion. 

Lord RAYLEIGH : Being called upon by the President, I feel I must 
certainly add my voice to the vote of thanks which has been moved and 
seconded to Dr. Glazebrook for his lecture. It is some thirty years ago, 
as will be seen by the tables, since I was actively engaged in deter- 
mining these units, and at that time the discrepancies amounted to about 
2 per cent, I think, in the absolute determinationsof the ohm. І believe 
we got at that time to within about 1 part in 1,000. Mr. Smith would 
now despise such a result as that, and nothing less than 1 part in 10,000, 
if not even a higher figure, would satisfy him. I think that the different 
construction of the coils now used is largely responsible for the very. 
high degree of accuracy now attained. Professor Jones was, I believe, 
the first to use a single layer of wire, and this not only allows the 
cylinders to be measured more accurately in the first instance, but their 
condition can be verified more easily at any subsequent time. There is 
just one more point I should like to mention. In practical work the 
Clark cell has now been replaced by the Weston cell, but I think it is 
rather hard on the memory of Clark that his name should disappear, 
because after all the Weston cell is a very small modification of the 
Clark cell—merely the substitution of cadmium for zinc, two closely 
allied metals—and the points of novelty which Clark introduced are 
common to both. I believe, also, as a matter of fact the original 
Weston cell was defined in a form which would not lend itself to the 
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present use, as set up with a non-saturated solution of sulphate of 
cadmium. I join in the vote of thanks to Dr. Glazebrook which has 
been moved and seconded. 

The resolution of thanks was then carried by acclamation. 

Dr. R. T. GLAZEBROOK : I wish to thank the members and guests for 
the way in which they have received my lecture. I ought to have 
mentioned that some of the original Clark cells used by Lord Rayleigh 
are on the table; they will doubtless be of interest to members. I 
should also like to take this opportunity of thanking various friends 
who have placed apparatus at my disposal, and in particular my col- 
league, Mr. F. E. Smith, for the care he has taken in setting up the 
apparatus and carrying out the experiments. 
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Proceedings of the Five Hundred and Fifty-first 
Ordinary Meeting of the Institution of Electrical 
Engineers, held on Thursday, 6th March, 
1913—Mr. WiLLIAM DuppeLL, F.R.S., President, 
in the chair. 


The minutes of the Ordinary Meeting held on 27th February, 1913, 
were taken as read, and confirmed. 


Donations to the Building Fund were announced as having been 
received from R. H. Burnham, R. A. Dawbarn, J. W. Ewart, F. Gill, 
A. Hay, J. S. Highfield, H. Hirst, Sir H. B. Jackson, G. C. Lloyd, 
W. M. Mordey, Professor J. T. Morris, A. Stroh, Sir Joseph Swan, A. 
Wright, H. W. Young, The Associated Municipal Electrical Engineers 
of Greater London, and The Incorporated Municipal Electrical 
Association ; and to the Benevolent Fund from G. F. Allom, A. B. 
Anderson, Ivon Braby, M. S. Chambers, R. A. Chattock, W. C. Clinton, 
V. K. Cornish, B. Davies, A. Denny, J. Devonshire, H. C. Donovan, 
B. M. Drake, Dr. C. V. Drysdale, W. Duddell, F.R.S., К. Edg- 
cumbe, S. Evershed, F. Gill, Dr. R. T. Glazebrook, C.B., B. B. 
Granger, F. E. Gripper, C. C. Hawkins, K. Hedges, D. Henriques, J. S. 
Highfield, H. Hirst, H. W. Kolle, A. E. Levin, C. H. Merz, L. B. 
Miller, W. M. Mordey, E. Parry, The Hon. Sir C. A. Parsons, K.C.B., 
W. H. Patchell, A. H. Preece, L. Preece, Sir W. H. Preece, W. R. 
Rawlings, T. Rich, R. Robertson, S. R. Roget, A. Siemens, The Stearn 
Electric Lamp Company, Ltd., A. Stroh, A. J. Stubbs, A. P. Trotter, 
T. C. T. Walrond, H. W. L. Ward, J. G. Wilson-Dickson, and C. H. 
Wordingham, to whom the thanks of the meeting were duly accorded. 


Messrs. G. W. Richardson and E. W. Moss were appointed 
scrutineers of the ballot for the election and transfer of members, 
and, at the end of the meeting, the result of the ballot was declared 
as follows :— 


ELECTIONS. 
As Members. 
Lionel Edward Caine. William Cross. 
Farley G. Clark. Edmund Philip Grove. 
Harold Ainslie Cox. Professor Dugald C. Jackson, 


Carl Gustaf Stjernberg. 
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ELECTIONS—conlinued. 


As Associate Members. 


Alexander MacKay Anderson. Ernest Hedley. 

Arthur Lionel Ballard. Herbert Henry Holmes. 
Leslie Walter Ballard. Lennard Arthur Hoyle. 
Frank Owen Barralet. William Cradock Knight. 
Jesse Haigh Baxter. Robert Watson Law. 
Thomas Croasdale Booth. William A. MacKenzie. 
Frederick Herbert Brandreth. John Young MackKersie. 
William Ernest Brandreth. George Albert Madden. 
William James Bransom. David Martin. 

Robert Allan Brown. Philip Michael Martin. 
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Sydney Bakcr. | Antonio Victor dos Santos. 
Benjamin Croft Bayley. 
Claude Robert Bicknell. John O. Griffiths. 

Noel Barnden Bunt. Brenchley Ernest б. Mittell. 


, Herbert Gregson. 

| 

| 
Reginald Lancelot Castle. | Basil Sheldon Orme. 


Arthur Stephenson Carr. , Norman Pemberton. 
John Colin Clarke. John Harrison Salisbury. 
Luis Felipe Clement. Albert Schamasch. 
William Thomas Critcher. Maxwell Smith. 


William Gordon Cross, George Owen Tipping. 


1913. ] ` TRANSFERS. 595 


TRANSFERS. 
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Edward Calvert. Eustace Edward Gunter. 
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A paper by Mr. S. L. Pearce and Mr. H. A. Ratcliff, Members, 
entitled * Recent Developments in the Street Lighting of Manchester " 
(see page 596), was read and discussed, and the meeting adjourned at 
10 p.m. 
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RECENT DEVELOPMENTS IN THE STREET 
LIGHTING OF MANCHESTER. 


By S. L. PEARCE and H. A. RATCLIFF, Members. 


(Paper first received 16th Fanuary, and in final form 3rd February, 1913; 


read before THE INSTITUTION 6th March, before the MANCHESTER LOCAL 
SECTION 25th February, before the BIRMINGHAM LOCAL SECTION 12th 
March, and before the SCOTTISH LOCAL SECTION 18th March, 1913.) 


SYNOPSIS. 


. Introductory remarks defining the nature and scope of the paper. 
. Reference to the early history of street lighting by electricity in 


Manchester. 


. The street lighting authority for the city. 

. The competition between the rival illuminants. 

. Description of the Princess-street high-pressure gas installation. 

. Description of the Portland-street arc lamp installation. 

. Criticism of the first results obtained in Portland-street. 

. The subsequent alterations that were made to the lamps. 

. Experts called in to report on the two rival systems. 

. Full particulars of the photometric work undertaken. 

. Probable limits of accuracy. 

. General comparisons between Portland-street and Princess-street. Ad- 


vantages and disadvantages of each system. 


. Confirmation of the Portland.street results as furnished by the reports of 


the experts. 


. Relative costs of the two systems. 
. The lighting in Mosley-street, St. Peter's-square, Albert-square, and 


Piccadilly. 


. Notes on the physiological problems involved, with special reference 


to the flicker photometer and the question of colour differences. 


. Various types of globes, diffusers, and reflectors, with their advantages 


and disadvantages. 


. Conclusions to be drawn from the tests. 
. Appendices. 


INTRODUCTION. 


This paper is principally a record of the work undertaken, the 


results obtained, and the numerous tests and experiments upon which , 
the satisfactory completion of the work depended. 


Much of the detailed information relates to the lighting of Portland- 


street, Manchester, by means of flame arc lamps ; and as the success ot 
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otherwise of the scheme adopted can only be judged by comparisons, 
data relating to earlier systems of arc lighting and contemporary 
systems of high-pressure gas lighting have also been included. Such 
data mainly consist of statements of relative costs, and curves and 
diagrams showing graphically the results of comparative photometric 
tests. 


EARLY HISTORY OF STREET LIGHTING IN MANCHESTER BY 
ELECTRICITY. 


The first installation of arc lighting in Manchester was carried out 
in the early part of 1897. A number of 500-watt “ open-type " arc lamps 
of the short-hour double-carbon type, suspended about 22 ft. above the 
ground, were erected in Albert-square, on Piccadilly-esplanade, and in 
St. Ann's-square. 

On the 27th October, 1897, the City Council approved a Report of 
the Electricity Committee recommending that all tramway routes be 
lighted by arc lamps ; and in the following year application was made 
to the Local Government Board, and sanction subsequently received, 
for the borrowing of £75,000 for street-lighting purposes. It is outside 
the scope of this paper to go into the reasons why the work has not 
been carried out, notwithstanding a substantial expenditure on under- 
ground mains for the purpose. The fact may be recorded, however, 
and is of interest in view of the very meagre amount of public lighting 
by electricity in this city, that at one period it was the distinct desire of 
the Corporation that the main thoroughfares should be so illuminated. 

In 1904 the original “ open-type" arcs were superseded by 600-watt 
and goo-watt lamps of the single-enclosure type, suspended some 18 ft. 
6 in. from the ground, and burning тоо hours without re-trimming. 

At or about that time a limited number of intensified gas lamps had 
been placed on the streets of Manchester, and a report was presented 
by one of the authors giving some comparative results of the two 
systems of illumination. The report was subsequently reprinted in 
the Electrician of 4th November, 1904, and led to a good deal of discus- 
sion in the gas and electrical journals of that date. 

For the purpose of exact comparison, the test results obtained in 
1904 have been converted to the corresponding values for illumination 
on a horizontal plane, 3 ft. 3 in. above the ground. Notwithstanding 
the steepness of the illumination curves, the 1904 lamps were in every 
way superior to the then rival system of intensified gas lighting. The 
comparative results obtained showed that the cost of a minimum hori- 
zontal illumination of 0°25 foot-candle per lamp per hour was o'57d. for 
the 600-watt arcs, and 121d. for the intensified gas. The running cost 
per 1,000 c.p.-hours was similarly o0°75d. for the arcs, and r'o8d. for the 
intensified gas. These figures are mentioned here as being of interest 
in comparison with the results obtained at a more recent date. 

In 1905 the Urban District Council of Gorton (not being then incor- 
porated with the city) entered into a contract with the Electricity 
Department of the Manchester Corporation for the lighting of Hyde- 
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road, Wellington-road, and Cross-street, and this was carried out 
with the same type of single-enclosure lamp as used in the city, but of 
only 450-watt capacity. 

Although sharing in the public lighting to an almost negligible 
extent, the Electricity Department was desirous of keeping up to date 
with their street illumination. The year 1906 marked the beginning of 
the supersession of the single-enclosure type of lamp by the magazine 
flame arcs, a commencement being made on the Piccadilly-esplanade. 
With the exception of the lamps in St. Anne's-square and Gorton, the 
change-over was completed by the end of 1911, and the result has been 
a very substantial improvement in the general illumination of those 
thoroughfares above referred to. 


THE STREET-LIGHTING AUTHORITY FOR THE CITY. 


Having regard, however, to the size of the city, it will not be dis- 
puted that the amount of street lighting, totalling only 114 lamps 
(inclusive of 42 lamps in the Gorton district),is ridiculously small. This 
state of affairs has been outside the control of the Electricity Depart- 
ment for the simple reason that up to a very recent date the Gas Com- 
mittee of the Corporation has been the street-lighting authority for the 
city of Manchester. 

On 2nd October, 1912, the City Council brought about a change by 
placing the control of the lighting of the streets under the authority of 
a Street Lighting Committee, consisting of five members of the Gas 
Committee, five members of the Electricity Committee, and five 
members appointed by the Nomination Committee, being members 
of neither Gas nor Electricity Committees. It is earnestly hoped, 
especially in view of the recent trials, that at least impartial considera- 
tion shall be accorded in the future to the rival illuminants. 

Up to 31st March, 1912, it was generally understood that the price 
charged for gas for public street lighting was the same as to the 
ordinary householder in the city, viz. 2s. 3d. per 1,000 cub. ft. A 
reduction was made at and from the last-named date to 1. 6d. per 
1,000 cub. ft. 


THE COMPETITION BETWEEN THE RIVAL ILLUMINANTS. 


Arising out of a proposal to extend the high-pressure gas lighting 
system down Mosley-street, the City Council on rst February, 1911, 
definitely authorized a scheme of competition between the two rival 
illuminants. Mosley-street was allocated to the Gas Department and 
Portland-street to the Electricity Department. No restrictions were 
placed on either department; each was to do its best. 

The Mosley-street installation was completed first. After the Port- 
land-street arc lamps had been put into commission, it was immediately 
apparent to the most casual observer that there was no possible com- 
parison between the illuminating effect produced and the contemporary 
illumination produced by the high-pressure gas lamps in Mosley-street 
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and this notwithstanding the fact that at that time the Portland-street 
effect was regarded as anything but satisfactory. 

The pronounced inequality in the illumination was presumably 
recognized by the Gas Department, and a further extension of the 
high-pressure gas lighting on a much more elaborate scale was at once 
proceeded with. 

This paper is more particularly concerned with the comparative 
results of Princess-stre2t and Portland-street, which may be regarded 
as typical examples of modern street lighting by high-pressure gas 
lamps and high-candle-power flame arcs respectively. 


THE Gas INSTALLATION IN PRINCESS-STREET. 


Four Keith high-pressure lamps were suspended in Princess-street 
at the same height above the roadway as the arc lamps, namely, 
27ft. біп. The distance between the lamps varied from 95 ft. біп. 
to 118ft. gin., but 1o6ft. біп. may be taken as approximately the 
average. 

Each lamp contained three inverted burners, and clear globes were 
used. At normal pressure each burner was rated at 1,500 c.p., or a 
total of 4,500 c.p. for the complete lamp ; but, as will be seen from the 
test results, the maximum candle-power obtained was only about half 
this figure (see Fig. 21). | 

As originally installed, the lamps were fitted with traversing апа 
lowering gears ; but these were apparently not successful, as the lamps 
were at a later date fixed permanently in position. The flexible gas 
supply tubing was also replaced by rigid galvanized gas barrel. 

Princess-street is 60 ft. wide, and as the lamps were on an average 
only 106 ft. 6in. apart, the resulting illumination was very good, and 
far superior to any previous example of high-pressure gas lighting in 
Manchester. 

Presumably in order to improve still further the maximum illumina- 
ting effect, but certainly not the uniform distribution of the light, the 
lamps have been lowered about a foot. 


THE Arc LAMPS IN PORTLAND-STREET. 


The central suspension system was chosen for the lighting of 
Portland-street, and certain predetermined "units" of light were 
erected at such calculated distances apart as to give the maximum 
illumination for the least capital expenditure. 

In addition to low initial costs the central lighting system has the 
following advantages, which appear to outweigh certain known dis- 
advantages :— 


(a) The distributing mains can all be kept to one side of the 
street. 

(b) No separate lighting standards are required on the street 
pavements, with consequent advantage to pedestrian 
traffic. 
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(c) A more even illumination is obtained; in other words, the 
ratio of maximum to minimum illumination is less than with 
side lighting for a given amount of electrical power 
employed. 


The traffic in Portland-street is of a very dense character all day 
long, and more especially between the hours 4 p.m.—6:30 p.m., when 
the shipping warehouses are working at high pressure. It was there- 
fore deemed advisable to aim fora high standard of minimum illumina- 
tion, viz. something of the order of o'5 foot-candle. 

Owing to the short time available it was not possible to make 
photometric tests on the lamps selected before they were actually 
installed, consequently all calculations of illuminating effect 
were based on data furnished by the lamp-makers. The 
minimum illumination at any point on a horizontal plane 
at ground level, under the conditions mentioned below, 
was expected to be not less than 0°44 foot-candle. This 
figure was not obtained with the lamps as at first installed, 
but has since been exceeded. 

The length of Portland-street is 1,751 ft., and its width 
66ft. Sixteen 550-watt lamps, working 4 in series on the 
200-volt mains, have been erected. Owing to the positions 
at which certain important side streets intersect the main 
street, the distance between lamps varies from 114 ft. to 
124 ft. 

Eight of the 16 lampsare run on an all-night circuit, 
and the remaining 8 are switched off at тг p.m. The 
lamps are so arranged that, when all 16 are burning, the 
lighting is balanced across the 3-wire distributing mains; 
but after 11 p.m. the remaining 8 lamps are connected 
to one side of the system only. 

The switching “on” and “off” is automatically con- 
trolled by time switches, provision being made to avoid 
interference with the latter when any lighting outside normal hours 
is required. 

With six exceptions, which called for the use of the tramway side 
poles with extended arms, the arc lamps were suspended 28 ft. above 
the level of the street by means of two wrought-iron straps, from two 
steel wires of ү; in. diameter placed 14 in. apart, one above the other 
in a vertical plane (see Fig. 1). Under these conditions the swinging of 
the span wires is largely counteracted. 

'The lamps are fixtures, in so far as no provision has been made for 
lowering or drawing them to the side of the street. All trimming has 
therefore to be done from a tower wagon. This decision was come to 
after carefully considering the extra expense and complication involved 
in arranging for lowering gear, and also with due regard to the type 
of lamp selected, the hours of burning, and the local conditions. 

There are two lines of tramway metals laid in Portland-street, one 


FiG. 1. 


. 1913. ] STREET LIGHTING OF MANCHESTER. 601 


of which, however, is seldom used, and little or no dislocation of the 
traffic occurs even when the tower wagon has to be called out in the 
daytime. So far no difficulty has been encountered in trimming or 
even changing the lamps during the busiest portion of the day. Asa 
matter of fact, arrangements have been made to enable the necessary 
trimming to be done during the early hours of the morning and when 
there is no traffic on the streets. 
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Fic. 2.—Polar Curves for 550-watt Flame Arc Lamps as used in Portland- 
street. 


(a) With original inner and outer globes and spinnings. Outer globes clear. 
(b) With original inner and outer globes and spinnings. Outer globes opalescent. 
(c) With clear inner and outer globes of the type now used. Tested with " new type" carbons. 


The cable connections to the lamps are as follows :— 

From the street level to a height of some 8 ft., galvanized steel 
tubing is run up the building walls. The service branch cables drawn 
through the tubing then enter a connecting-box, and from the latter a 
heavily sheathed 7/18 S. W.G. twin vulcanized india-rubber cable is fas- 
tened to the upper part of the walls with raw hide cleats, and is then 
carried across the span wires to the lamps by means of the usual 
pigskin suspenders, 
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The lamps themselves are of the magazine type, and the actual 
hours of burning average 70; but it is usual to allow only 65. 

First Results oblained іп Portland-street.—The first results obtained 
were not considered altogether satisfactory, the shadows under the 
lamps, thrown by the ash-trays, were most pronounced, as was also 


Fig. 3.—Sketch showing Inner and Outer Globes now used. The Original 
Globes and Spinnings are shown dotted in their relative positions. 


the series of concentric rings оп the surface of the roadway. As 
fitted with clear inncr and opalescent outer globes, the lamps gave a 
maximum candle-power on the 20 degree ray of 2,250. This was 
substantially lower than the result anticipated. 

Photometric tests showed that the polar curve of the lamps with 
the particular inner and outer globes used did not meet the necessary 
requirements, and the resulting distribution of the light was very 
unequal. The shadows and concentric rings were practically elimi- 
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nated by the use of slightly opalescent outer globes, but the efficiency 
of the lamps was impaired to a very appreciable extent, and the 
distribution of light was rather worse than before, the change from 
the dark zone midway between lamps to the bright zone adjacent 
to the lamps being very pronounced. 

It is immediately apparent, from an inspection of the polar curves 
(Fig. 2), that neither the clear nor the opalescent outer globes were 
suited to the particular conditions obtaining in the lamps and the 
desired distribution of light. 

Subsequent Alterations to the Lamps.—Certain modifications were 
therefore made to the lamps. To begin with, the height of the lamps 
was lowered from 28 ft. to 27 ft. 6 in., with a view to masking certain 
shadows of the trolley-wires thrown on the ground. 

The most important alteration, however, was the outcome of a 
suggestion made to the authors by the superintendent of the Street 
Lighting Department, that whilst the lamps were undoubtedly giving 
their rated candle-power, yet, owing to the particular design of the 
outer opalescent globes and spinnings, practically all the rays from 
the horizontal to the 18-degree angle below the horizontal were entirely 
blotted out. 

The construction of the spinnings supporting the globes, and the 
shape of the outer globes, were therefore considered to be largely 
responsible for the unsatisfactory distribution, and it was decided to 
modify the construction of the spinnings in such a way as to result 
practically in a lowering of the arc a distance of ё іп. and also to use 
another type of outer globe in which there was less interference with 
the direct transmission of the light rays emanating in the neighbour- 
hood of 20 degrees below the horizontal (Fig. 3). 

The alterations resulted in a substantial increase in the candle- 
power emitted between the angles of 10 degrees and 20 degrees, the 
maximum ray attaining 3,600 candle-power at an angle of 23 degrees. 

One objectionable feature remained, however, viz. the deep shadow 
vertically beneath the lamp. In the latter portion of this paper are 
described the series of experiments which were conducted to get rid 
of this, and which ultimately resulted successfully. 


REPORTS ON THE Two SYSTEMS. 


In the early part of 1912 the Manchester Corporation called in 
Mr. Jacques Abady and Mr. Haydn Harrison to report on the two 
systems of street illumination as carried out in Princess-street and 
Portland-street respectively. The results were to be expressed on 
an “equal basis of cost and illumination." 

The joint and separate reports of these gentlemen have already 
obtained a wide publicity in the technical Press. 


THE PHOTOMETRIC WORK UNDERTAKEN. 


In order that the comparison between the various schemes of 
lighting might be both definite and reliable, and also to enable the 
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best results to be obtained from the arc lamps, a very considerable 
amount of photometric testing was necessary. This work was in 
progress for over twelve months, and many thousands of readings were 
taken during that period. 

All the testing was done in the streets at night with the lamps 
burning under normal conditions, and consequently the results obtained 
are directly applicable to the requirements of practical work, and in 
that respect may no doubt differ to a considerable extent from similar 
tests conducted in laboratory photometer rooms. It is perhaps 
advisable to emphasize the fact that all tests were taken in the streets 
under working conditions, as otherwise the value of the results 
obtained might require discounting to a very appreciable extent, 
particularly in the case of figures relating to dioptric globes. 

All measurements of the intensity of the illumination due to any 
particular ray, and therefore of the corresponding candlc-power, were 
made approximately in the position, both as regards angle and distance 
from the lamp, at which the particular ray was effective in producing 
actual illumination. Consequently any errors due to the inapplicability 
of the inverse square law were practically eliminated. 

The photometer used was a modification of an instrument con- 
structed by Messrs. Alexander Wright & Co. It may be briefly 
described as an oblong rectangular wooden box divided into two 
compartments, one of which contains the sub-standard of light, and 
the other the actual photometer hcad or comparison device. 

Between the two compartments there is an arrangement of adjust- 
able shutters operated by a micrometer screw ; the extent of the 
shutter opening, as measured by the.graduations on the micrometer 
screw-head, constituting a measure of the illumination received on the 
photometer head. The range of the illumination can be considerably 
extended by means of a lens which acts as a condenser and is 
interposed between the standard lamp and the photometer. 

The photometer head is of the well-known Simmance and Abady 
flicker type, consisting of a flicker disk driven by a clockwork motor, 
with the necessary sighting telescope, focussing lenses, and scale 
of angles. 

The compartment containing the photometer is also provided with 
a set of small doors which can be opened at any desired angle, thus 
cnabling the photometer to be focussed on a source of light at any 
angle between o and go degrees below the horizontal. This photo- 
meter therefore measures the actual light flux density of the incident 
ray, from which values for candle-power and the intensity of illumina- 
tion on vertical or horizontal planes can readily be calculated. 

The complete apparatus is mounted on a special cart, by means of 
which it can be wheeled about as required. When set up for taking 
observations, the cart is raised on three legs so that the wheels are 
clear of the ground ; the stand supporting the photometer is arranged 
to permit of levelling in any direction, and in addition, a movement of 
roughly 30 degrees about a vertical axis is also possible, 
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Owing to numerous structural alterations, and for no other reasons, 
it was not conveniently possible to arrange the photometer for taking 
readings at a less distance than 5 ft. from the ground. 

The suggested international standard height for photometric 
measurements of outdoor illumination is 3 ft. 3 in. (i.e. approximately 
1 metre) above the ground level. Many of the measurements actually 
obtained on a plane at a height of 5 ft. have thercfore for purposes 
of comparison been reduced to their corresponding values on a 
horizontal plane 3 ft. 3 in. above the ground. 

The choice of a suitable height for photometric measurements is 
not apparently a very easy matter. Except for the fact that a metre 
is a very convenient unit of length therc is apparently no particular 
advantage attaching to the use of a plane at this height for photometric 
measurements, and in some respects it is a very inconvenient height. 

Measurements of the illumination on a plane normal to any par- 
ticular ray or of the horizontal component of the illumination, i.c. the 
illumination on a vertical plane, would probably be more in accordance 
with ordinary conditions if taken on a plane not less than 4 ft. 6 in. 
above the ground level. In cases where the minimum horizontal 
illumination is taken as a criterion of the value of a system of lighting 
there is much to be said in favour of taking measurements of the actual 
illumination on the ground level. In practice this would of course be 
done by means of calculations based on data actually obtained at a 
more convenient level. 

It should be clearly understood that what is actually meant by the 
term “ horizontal illumination" is the vertical component of the light 
flux density on any plane normal to the incident ray, and it is advan- 
tageous to obtain this value by direct calculation, without any reference 
to the particular nature of the ground surface. 

The actual illumination on the horizontal plane may frequently with 
advantage be defined in terms of the values calculated for the ground 
surface, for in that way a much more uniform curve of illumination is 
obtained. Further, the lay observer invariably looks on the ground 
surface when judging the value of the horizontal illumination in a 
street. It will also generally be found that the illumination on a 
vertical plane is usually of more importance at a height of 4 to s ft. 
above the ground surface. 

The method of obtaining the data from which the numerous curves 
illustrating this paper were drawn, was briefly as follows :— 

The photometer was first set up immediately under the lamp to be 
tested, or as near as possible to the base of the post. The photometer 
head was then focussed upon the lamp, and the angle between the 
normal incident ray and the horizontal was observed. The intensity 
of the illumination, or light flux density, on a surface normal to the 
incident ray was then measured by direct comparison with the 
illumination from the sub-standard lamp. 

The photometer was then moved a short distance away from its 
initial position, usually about 2 ft. 6 in., and the observations again 
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taken. This was repeated by gradually extending steps until a distance 
of about 9o ft. from the lamp was attained. 

In special cases, where possible, the lamp was also lowered in order 
that measurements might be taken at small angles to the horizontal, and 
also actually on the horizontal. Before making any extensive street 
tests a considerable number of observations were made on a lamp 
specially suspended for experimental purposes, and it was found that 
with the original opalescent globes the candle-power at the various 
angles, and consequently the shape of the polar curves, was not altered 
to any important extent by alterations of the angle between the plane 
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of the carbons and the vertical plane cutting the lamp under test and 
the photometer. Subsequent tests with the clear outer globes gave 
variations differing by as much as 10 per cent from a mean value ; but 
as all curves have been drawn from the average results of numerous 
tests made at different angles to the planes of the carbons, these 
variations have been ignored. 

Two 6-volt Osram lamps were used alternatively i in the photometer 
as sub-standards of luminous intensity, thus providing a check on the 
measurements. The lamps were supplied from a 20-ampere-hour 
accumulator, and before conducting the actual tests the battery was 
charged and discharged to such an extent that the lamps were always 
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burning when the discharge curve of voltage was practically horizontal. 
Periodical checks were made in the photometer room between the 
Osram lamps and the laboratory standard. 

In addition to photometer measurements, a few observations were 
also taken with a luminometer. This device simply consisted of a 
rectangular wooden box into which were fitted two rectangular tubes 
set at an angle of approximately 45 degrees to each other. The box 
was painted dead black inside, and underneath one of the openings 
a test-card similar to Fig. 4 was fixed. Careful observations were 
then made of the actual distance from the various lamps at which the 
different sets of type were just visible. The reason for the somewhat 
eccentric typography is therefore obvious. It was of course necessary 
to take precautions to avoid illumination from other sources than the 
lamp under observation. 

The results of the numerous photometric tests are given graphically 
in this paper, and take the form of polar curves of candle-power, 
curves showing the horizontal compohent of the illumination on a 
vertical plane at a height of 3 ft. 3 in. above the ground level, and 
curves showing the vertical component of the illumination on hori- 
zontal planes 3 ft. 3 in. above the ground, and on the surface of 
the ground. 

Probable Limits of Accuracy.—The results of street photometric 
tests are very frequently questioned, and gas authorities invariably 
dispute their accuracy. It is therefore advisable to consider briefly 
the limits of accuracy desirable and obtainable in practice. 

The gauge or conception of the intensity of illumination by the 
human eye follows a logarithmic law, or, in other words, it is only the 
percentage variation in the intensity of illumination which is noticeable. 
Consequently small variations are of no importance, and it is even 
very doubtful whether it would be possible without the aid of 
photometric apparatus to detect a difference in the intensity of 
illumination in a street within a range of, say, 10 per cent. A con- 
sistently maintained degree of accuracy within a limit of 5 per cent 
is therefore all that is necessary for ordinary street work, and in fact 
such a limit is recognized as sufficiently close by most of the authorities 
on photometric work. 

Great care was taken in the calibration and subsequent checking 
of the photometer used for the work recorded in this paper, and as all 
the curves obtained were plotted from the “means” of numerous 
readings taken with every necessary precaution, it may be reasonably 
assumed that the limit of possible error did not exceed 5 per cent, and 
in many cases was probably less. 

It is very questionable whether it would be possible to guarantee 
any street photometric measurements as correct within a limit of error 
of less than 3 per cent, but in any case the complications and extra 
work involved would be quite beyond the possibilities of tests conducted 
on anything approaching a commercial scale, 
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GENERAL COMPARISONS BETWEEN THE LIGHTING IN PORTLAND- 
STREET AND PRINCESS-STREET. 


Any comparison of the Portland-street and Princess-street lighting, 
other than on an “equal basis of cost and illumination," requires to be 
very unbiased, since there is much to be said in favour of both systems. 

The gas lamps give a much steadier light than the arc lamps, 
although the difference is not very noticeable to a casual observer, or 
even to a keen observer; but it is very noticeable when making 
measurements with a flicker photometer, and the severe eyestrain 
incidental to the use of such a photometer is in consequence consider- 
ably reduced. 
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Fic. 5.—Curves showing the results of the Photometric Tests in Portland- 
street obtained with the first experimentally Obscured Globes. 


Full-line curves represent illumination on a horizontal plane 3 ft. 3in. above the ground 
level ; dotted curves, the illumination on a vertical plane ; chain-line curvés, the illumination on 
the ground. The effect of the shadows under the lamp is clearly noticeable. 


Unfortunately, although the gas-lamps give a steadier light, their 
candle-power varies very considerably from day to day. The candle- 
power of a particular lamp may fall at least 5o per cent before the 
mantles are renewed, unless it is arranged to change only one mantle 
at a time, thus spreading the complete change over a fairly long period. 

The candle-power of the arc lamps may vary quite appreciably 
within a few minutes, but provided that the same make of carbons is 
used the average candle-power at any particular angle will not change 
to any extent from day to day if the line voltage is reasonably constant. 

A very important feature directly affecting the comfort of the general 
public is the absence or otherwise of glare. Glare is purely a physio- 
logical effect, and is apparently dependent upon the intrinsic brilliancy 
of the light source and the angle of incidence of the light rays received 
by the eye. Obviously, therefore, the larger the surface of the light 
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Fic. 6.—Curves showing the results of the Photometric Tests on the 
Princess-street 3-burner High-pressure Gas Lamps. 
Full-line curves represent illumination on a horizontal plane 3ít.3in. above the ground 


level ; dotted curves, the illumination on a vertical plane ; chain curves, the illumination on the 
ground. 
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Fic. 7.—Curves showing the results of the Photometric Tests on the Portland- 
street 550-watt Lamps, fitted with the latest type of Outer Globe having a 
Graded Frosting. 

Full-line curves represent illumination ‘on a horizontal plane 3 ft. 3 in. above the ground 


level ; dotted curves, the illumination on a vertical plane ; chain curves, the illumination on the 
ground. The elimination of the shadows under the lamps should be not 
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source in proportion to the total amount of light emitted, the lower the 
intrinsic brilliancy and the less the effect of glare. In this respect, the 
3-burner high-pressure gas lamps have an advantage over the flame arc 
lamps with clear inner and outer globes. The use of clear outer globes 
with flame arc lamps is in fact hardly advisable from the point of view 
of scientific lighting, since any form of lighting which is productive of 
eyestrain is essentially unscientific, and is certainly unsatisfactory. 

Two noticeable features in Princess-street are the comparative 
softness of the shadows of objects cast on the ground and the absence 
of a pronounced dark horizontal zone in line with the reflectors. The 
first result is undoubtedly due in a great measure to the fairly large 
triple light source, which has the effect of shading off the edges of 
shadows ; and the absence of a dark zone in line with the reflectors is 
no doubt due partly to the fact that the source of light is well below the 
reflector, and partly to the reflection from the inner surface of the large 
‘globes. 

The shadows cast by the flame arc lamps when burning with clear 
inner and outer globes are very intense, and there is no appreciable 
shading of the edges, consequently it is possible to confuse shadows 
with actual objects. The smallness of the light source, or in other 
words the high intrinsic brilliancy, and the fact that the arc is well up 
under the reflector is no doubt the cause of the objectionable horizontal 
dark zone noticeable in cases where reflectors are used. 

The Portland-strect light has a much warmer and more cheerful 
effect than the comparatively cold light in Princess-street. 

The actual relative values of the two schemes of lighting are clearly 
shown by the various tables and curves giving the results of photo- 
metric tests, and the contour curves showing the portions of the street 
area within which the illumination on a horizontal plane is equal to 
or greater than o'5 foot-candle. 

The curves (Figs. 5, 6, 7) show the horizontal and vertical com- 
ponents of the illumination on planes 3 ft. 3 in. above &he ground, and 
on the ground level. Table III gives a summary of the actual results 
obtained. The figures in Table II were obtained with a luminometer, 
and clearly show that as regards the intensity of the illumination at 
a considerable distance from the lamps the flame arcs give better 
results than the gas lamps. 

Purely from the point of view of illuminating effect there is much 
to be said in favour of both systems; but the electric lighting system 
possesses all the practical advantages, a few of the more important 
of which are :— i 


(a) Lower cost. 

(b) Simplicity of switching operations, and possibility of dis- 
pensing with lamplighters. 

(c) Flexibility and ease of erection. 

(d) Lamps not affected by vibration when suspended from 
traction poles. 
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(e) Possibility of reliable check on running costs (i.e. current 
consumption and carbons). 

(f) Negligible leakage. 

(g) Absence of globe breakages due to heating, etc. 


All the above advantages are absent in the case of the high-pressure 
gas system, and in contrast may be mentioned the disadvantages 
incidental to its use :— 


(a) Extensive and highly dangerous leakage of high-pressure gas. 

(b) The detrimental effect of a foggy or heavily smoke-laden 
atmosphere on the mantles, resulting in a serious diminution 
of caudle-power just at a time when it is most required. 

(c) Partial and occasionally complete failure in frosty weather. 
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о =Keith, 3-burner, High-pressure Gas Lamp. 


Fic. 9.—Contour Curves for Princess-street Lighting. 


Shaded portions represent the areas within which the horizontal illumination on a plane 
5 ft. above the ground is less than 0:5 foot-candle ; the illumination within the area shown white 
is equal to, or greater than, 0'5 foot-candle. 


CONFIRMATION OF THE PORTLAND-STREET RESULTS AS FURNISHED 
BY THE REPORTS OF THE EXPERTS. 


Reference has been made to the results of the first photometric 
tests in Portland-street, and consequently the value of the subsequent 
experimental work is clearly indicated by the successful results 
now obtained. 

Portland-street is a most unsatisfactory street to illuminate, owing 
to the nature of the buildings and the absence of any appreciable 
amount of reflection ; nevertheless, the present lighting is probably as 
good an example as will be found elsewhere of uniform street lighting 
with a high average intensity of illumination on the horizontal plane, 
and a reasonable absence of glare. 

The minimum intensity of the illumination on a horizontal plane 
3 ft. 3 in. above the ground is, with unimportant exceptions, 0'5 foot. 
candle, and the ratio of maximum to minimum illumination in the 
centre of the road is 3°75. The ratio of the maximum to the minimum 
illumination on the horizontal plane may conveniently be referred to as 
the “ variation factor." 
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When carefully analysed it will be noticed that the experts reports 
very closely confirm the values of candle-power and illumination claimed 
by the Corporation Electricity Department as a result of the tests made 
by their own staff. 

Mr. Abady refers to the meaning of “illumination” and the 
difficulties incidental to its measurement. Throughout this paper, 
illumination has been regarded as the equivalent of impressed light 
flux density multiplied by the cosine of the angle of incidence. Light 
has also been assumed to be a vector quantity. This assumption is not 
strictly correct under all conditions, but it does not affect the results in 
question. 

Apart from actual values, the proportionality of Mr. Abady's figures 
for the illumination of Portland-street and Princess-street is in fairly 
complete agreement both with the Electricity Department's and Mr. 
Harrison's results ; and his values for the candle-powers of the Princess- 
street lamps provide important confirmation not only of the Electricity 
Department's tests, but also of the fact that the lamps were not giving 
anything like the candle-power claimed by the manufacturers. 

This result is both interesting and important, for it has always been 
the experience of the authors that gas lamps give substantially lower 
candle-powers than the values claimed by the manufacturers. 

This is evident from the figures given in Table I. 


TABLE I. 
Year of ugs Actual масш Candle- 
Description of Lamp. Test. pum asi хе Results 
Keith, 3-burner high-pressure 
gas ... is Sie T 1912 4,500 2,300 
Keith, 2-burner high-pressure 
gas 20 ae - 29... е 1012 3,000 1,630 
Keith, single - burner high- | 
ressure gas. 1912 1,500 725 
elsbach- ern, twin-burner 1907 1,200 655 
Suggs “ Belgravia ” sae e 1907 1,800 1,025 
Lucas “ Thermopile ". 1907 1,250 765 
Intensified gas, Sackville- 
street . ^. 1904 1,000 525 


RELATIVE Costs OF THE Two SYSTEMS. 


In Appendix A is set forth the method of arriving at the cost of the 
current under the conditions that obtain in Portland-street. 

The totals for “ fixed” and “running” costs respectively are arrived 
atin the manner shown, and the question of how these should be 
applied to the special case of a street-lighting load may give rise to 
some différence of opinion. 

Vor. 50, 40 
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There are three possible methods :— 

I. To divide the actual totals of the “ fixed" and " running” 
charges respectively by the total maximum demand on the 
undertaking and the total units sold for all purposes. 

2. After arriving at the totals for the “fixed” and “running” 
charges, to deduct therefrom the traction costs (ascertained 
in the manner laid down in the recent Model Report of the 
Municipal Tramways Association and the Incorporated 
Municipal Electrical Association); and then to divide the 
remainders by the respective totals for the maximum demand 
and the number of units sold for lighting and power. 

3. As in (2), but to differentiate further between lighting and 
power supplies. 

The authors consider that the course outlined under (3) is the 
correct one; the resultant figures аге £6°133 per kilowatt of demand 
plus 0:232d. per unit metered. Applying these values as shown in 
Appendix B, the cost of the current for the 11 o'clock and for the 
all-night lamps respectively come to 0:97d. and o'6d. per unit. 

Appendix C contains a statement of all costs involved in lighting 
Portland-street. 

The cost of uncompressed gas per 1,000 cub. ft. (as deduced from 
the published accounts of the Gas Department) is stated by the gas 
authorities to be 12:69d., and the corresponding figure for compressed 
gas is 13:89d. 

Appendix D is a statement showing the cost per lamp per annum of 
lighting Princess-street, as given by Mr. Abady in his report. Nothing 
is included in these figures for interest and depreciation on capital 
spent on the installation. 

For the purpose of ready comparison, the following particulars of 
the lighting in Princess-street and Portland-street are extracted from 
Mr. Hadyn Harrison's report. In order to make the figures strictly 
comparable, the Portland-street lamps are assumed to be all switched 
out at r1 p.m. 


Princess-street. Portland-street. 
High-pressure Gas. Arcs. 


E GE CRM SEIS 
Candle-power of lamps s | 
Number of lamps to the mile - 49°34 436 
• а. 
= 


Running costs per mE per hour I o'7d. 
Capital cost per mile of street £2,537 £1,569 
Running cost per 1,000 c.p.- -hours ... 0°857d. 0'23 
Cost per annum per mile, saua. 

illumination ... T £675 £254 | 
Minimum illumination, basis of com- 

parison ++» 0°39 ft.-candle | o'5 ft.-candle 
Cost per mile of street рег. annum | 

(up to 11 o'clock) at above illu- | | 

mination - s s i £617 £254 | 
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THE LIGHTING IN MOSLEY-STREET, ST. PETER’S-SQUARE, ALBERT- 
SQUARE, AND PICCADILLY. 


It has already been stated that the high-pressure gas lighting in 
Moslcy-street is a very poor display compared with the arc lighting. 
It is also a very poor display of high-pressure gas lighting, as will 
be clearly seen from the contour curve (Fig. 10). 

An illumination on the horizontal plane 5 ft. above the ground 
level equal to o'5 foot-candle is only obtained up to a distance of 
22 ft. from the base of the lamp-posts, and the minimum midway 
between the posts is only 0°07 foot-candle, the “ variation factor" being 
as high as 43. 

St. Peter's-square is distinctly a better example of high-pressure gas 
lighting, and compares favourably with the flame arc lighting in Albert- 
square. The illumination on a horizontal plane 5 ft. above ground 
level is maintained at a sufficiently high value, and is equal to o'5 foot- 
candle in all parts where there is any great amount of traffic. This is 
also clearly shown by the contour curves (Fig. то). The central dark 
portion is over a grass plot, and is therefore of no consequence. 

The general nature and extent of the present illumination in Albert- 
square and Piccadilly are clearly indicated by the contour curves (Figs. 
II and 12). 

The 500-watt lamps in Albert-square are fitted with slightly opales- 
cent globes, and are mounted on poles at a height of 22 ft. 8 in. above 
the ground. ` The illumination is fairly uniform, with the exception of 
the two dark patches shown. It is intended, however, to eliminate 
these entirely, and also to improve the light distribution generally by a 
suitable modification of the globes. 

The average horizontal illumination in Piccadilly is well over 1: 
foot-candle, and in no part where there is any appreciable amount of 
traffic is it less than o's foot-candle. The roadway is lighted by means 
of twelve 500- and four 550-watt lamps fitted with clear inner and 
outer globes, and fixed on the tramway standards at a height of about 
28 ft. above the ground. In addition, there are also ten 360-watt 
lamps on the esplanade. These lamps have opalescent bowl-shaped 
globes. They are suspended from swan-necked pole-brackets at a 
height of 18 ft. 6 in. 


THE PHYSIOLOGICAL PROBLEM—COLOUR DIFFERENCES. 


Reference has been made to the limits of attainable accuracy in 
connection with the photometric measurements ; but such limits are 
applicable only in a physical sense, and it is therefore probable that 
they may require to be further extended in order to accommodate the 
possible discrepancies arising from the physiological factors involved. 
The flicker photometer used enabled a balance to be obtained between 
lights varying appreciably in colour ; but it cannot for that reason 
be assumed that the intensities of the illumination on the two sides of 
the photometer disk were therefore equal, for the physiological con- 
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ceptions involved are not definable. Much recent research has not 
so far resulted in any very definite pronouncement on the subject 
of colour photometry. 

In the casc of the tests in question, the light from the Osram lamps 
used as sub-standards differed in colour to an apparently similar 
extent from the light of both the flame arc lampsand the high-pressure 
gas lamps. As this difference was not abnormal, the physiological 
effects, if existent, could not have been very pronounced. The sub- 
standard lamp, however, is only the equivalent of the counterweight 
used in connection with the method of double weighing, and conse- 
quently the comparison between the arc and the gas-lamps would still 
be affected by any incidental physiological phenomena; but it is 
probable that such discrepancies are not of appreciable importance. 

At the same time it must be admitted that there is a difference in 
colour between the light from the flame arc lamps and that from the 


TABLE II. 


x 
Maximum Distance at which distinctly readable. 


Fig. 4. 
High-pressure Gas. Fiame Arcs. 
Large 3390 ft. | 5715 ft. 
Medium 2650 ,, 3130.5; 
Small эое, 242°0 ,, 


high-pressure gas lamps, and it is therefore of interest to consider the 
probable effect of such difference. 

If the well-known “ Purkinje” effect may be taken as a guide, the 
arc lamps should give a superior illumination in their immediate 
vicinity, and the gas lamps a superior effect at a distance. The point of 
equality is probably in the neighbourhood of an intensity of. normal 
illumination equal to about 1 foot-candle. 

Visual observations confirmed the excellent carrying power of the 
light from the gas lamps, and it was therefore decided to obtain 
definite comparisons by means of the luminometer. These tests showed 
that the flame arc lamps were quite the equal of the high-pressure gas 
lamps, so far as the resulting illumination at a distance was concerned ; 
but this was probably to a certain extent due to the higher candle- 
power of the arc lamps at the angles concerned. "These tests and 
observations (Table II) refer to clear weather ; there is no question 
as to the superior penetrating power of the rays from the arc lamps 
in foggy weather. 

All figures are the average of not less than six sets of observations 
taken on different nights. 
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GLOBES, DIFFUSERS, AND REFLECTORS. 


A very considerable amount of testing and experimental work has 
been undertaken in order to discover, if possible, the most satisfactory 
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Fic. 13.—Polar Curve for 550-watt Flame Arc Lamp as used in Piccadilly. 


(a) With clear outer globes. 
(b) With slightly opalescent outer globes. 


type of outer and inner globe for use under the conditions obtaining in 
Portland-street, and to comply with the following requirements :— 


Reasonably uniform illumination. 

Absence of glare. 

Moderate cost of globes. 

Light distribution not affected by slight alteration in the position 


of the arc. 
Maximum candle-power approximately between the 20- and 25- 


degree rays below the horizontal. 
A large number of tests were made, and much of the information 
obtained is given graphically in the accompanying polar and illumina- 


tion curves. | 
As previously mentioned, the light distribution with the original 
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globes was anything but satisfactory, for in addition to most pro- 
nounced shadows under the lamps the general illumination was very 
unequal. The glare was also very objectionable, and must have caused 
a considerable amount of personal discomfort to passengers on the 
open tops of tramcars. 

The first attempt to overcome these defects was by the use of 
opalescent outer globes of the same shape as the clear globes. The 
result was a distinct diminution of the shadows under the lamps, and 
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FIG. 14.—Polar Curve for 550-watt Flame Arc Lamp as used in Portland- 
street. The dotted portion shows the effect of the original кенер 
obscuration. Tested with ‘old type " carbons. 


the complete disappearance of the concentric rings ; but unfortunately 
the light distribution was very considerably reduced, and the dark gaps 
midway between the lamps were very noticeable. 

Various types of dioptric and inner diffusing globes were then tried, 
but without appreciable success. This lack of success was no doubt 
due in a great measure to the position of the arc and the shape of the 
original outer globes. It was not yntil the type of outer globe now in 
use had been adopted that any headway was made with the various 
attempts to improve the light distribution (see Fig. 3). 

Fig. 14 shows the polar curve for the rr-ampere lamp fitted with 
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the clear inner and outer globes. It must be admitted that this curve 
possesses many excellent features, but at the same time it can be 
modified with considerable advantage according to the class of work 
for which the lamp is intended to be used. 

For street-lighting work, the upper portion of the curve between 15 
and 23 degrees from the horizontal is of most importance, but the 
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Fic. 15.—Polar Curves for 550-watt Flame Arc Lamp fitted with Clear Outer 
Globe of the shape now in use, and with Dioptric Inner Globe. The 
different curves show the effect of varying the relative positions of are 
and inner globe. 


portion between the 40-degree and 65-degree rays could be reduced 
with advantage. ‘The absence of appreciable candle-power between 
80 degrees and go degrees is a result of the rather pronounced shadows 
cast by the ash-trays. 

The first attempt to reduce the distribution of light between the 
40-degree and 65-dcgree rays, and at the same time to improve the dis- 
tribution in the neighbourhood of 20 degrees below the horizontal, was 
by the use of dioptric globes. The results were not entirely successful, 
as the curves (Fig. 15) will show. One is obviously the result of 
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incorrect focussing, and the others clearly indicate the intense splash 
of light which is always obtained between the 60-degree and 80-degrec 
rays, as a result of which the rest of the illumination looks poor by 
comparison, although in reality not at all bad. 3 

These tests seem to demonstrate very clearly a rather objectionable 
feature of dioptric globes, namely, the strongly defined optical centre, 
in consequence of which the light distribution is very considerably dis- 
torted if there is any appreciable change in the arc position. 
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Fic. 16.—Polar Curves of 550-watt Flame Arc Lamp. 


(a) With clear outer globe having a dense frosting on the lower portion, extending up to 
about 48 degrees from the horizontal. 

(b) With clear outer globe having a graded flashing on the lower portion, the Hashing being 
densest at the bottom of the globe, and gradually tapering off to about yo degrees below the 
horizontal. 


It is quite possible tbat the splash of light between the 60-degree 
and 80-degree rays might be still further reduced, but all attempts at 
so doing by relative changes in the position of the globe and the arc 
were unsuccessful. Itis therefore very probable that the open lower 
end of the dioptric globe is largely responsible for the very marked 
dip in the polar curve. 

Attempts were'then made to modify the shape of the polar curve 
by suitable obscuration of the outer globes, and it was owing to the 
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success of the early attempts that further investigations were conducted 
upon these lines. The necessary obscuration was at first obtained bv 
the application of whitening on the inside of the lower portion of the 
outer globe, and the results obtained were rather remarkable. Un- 
fortunately, owing to the nature of the obscuration, it was a very 
dificult matter to do two or more globes exactly alike, and conse- 
quently reliable test figures were only obtained with considerable 
difficulty. | 
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Fic. 17.—Polar Curve for 550-watt Lamp with Dioptric Inner Globe and the 
same Outer Globe as for Fig. 16 (a). 


Owing to the comparatively opaque and very materialistic nature of 
the obscuration, the effect was merely to cut down the light between 
the 40-degree and 80-degrce rays, there being otherwise very little 
diffusion or alteration in the shape of the polar curve, although slight 
traces of reflection were apparent which had the effect of improving 
somewhat the candle-power nearer the horizontal. The shadows 
under the lamps were not greatly reduced. There was a very great 
improvement in the curve of illumination on the horizontal planc, and 
the glare was appreciably reduced. 
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Globes obscured in this manner have actually been in use in 
Portland-street for over six months, and no doubt the slight difference 
between the test results obtained by the Corporation’s own staff and 
the independent experts are traceable to the variable nature of this 
obscuration, and also to changes in the type of carbons used. 

Attempts were then made to obtain from the globe-makers suitably 
obscured globes, but the greatest difficulty was experienced in obtaining 
exactly what was required. Apparently the makers were able to 
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Fic. 18.—Polar Curve for 550-watt Lamp with Dioptric Inner Globe and the 
same Outer Globe as for Fig. 16 (5). 


supply globes completely opalescent, sand-blasted, or acid-etched, and 
even globes so treated on only a portion of their surface; but no 
manufacturer would undertake to give a graded effect, at any rate on a 
diffracting globe, although a flashed opalescent globe with a graded 
effect on the lower portion was eventually obtained. 

The experimental etching of globes was therefore undertaken. 
The process employed was very simple. "The globes were clamped on 
о a special lead stand and filled to the desired height with the etching 
acid. The grading effect was then obtained by allowing the acid to 
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run out of the globe through an adjustable orifice in the lead stand, 
and any desired degree of frosting could be obtained by regulating the 
rate of flow. 

Figs. 16, 17, and 18 show a variety of polar curves obtained with 
different combinations of globes, and it is obvious that Nos. 17 and 18 
are very suitable for giving a fairly uniform illumination on a 
horizontal plane. 
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Fic. 19.—Polar Curves for 550-watt Lamp. 


(a) With clear inner globe, partially flashed outer globe, and enamelled iron reflector. 
(b) With clear inner globe, partially frosted outer globe, and enamelled iron reflector. 
(c) With clear inner and outer globes, and enamelled iron retlector. 


Experiments were also made in equipping the lamps with enamelled 
iron reflectors of various shapes, but it can hardly be said that the 
results were very successful, at any rate from the point of view of the 
distribution of the light. "The effect is clearly indicated in the polar 
curves (Fig. 19). The most effective combination is that producing 
the polar curve (a) shown in Fig. 19. In this case the reflector was used 
in conjunction with an outer globe having the lower portion partially 
flashed. 
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Reflectors were really tried in order to remove the shadows under 
the lamps cast by the ash-trays ; but for this purpose they were only 
partially successful, and the resulting distortion of the polar curve 
was very unsatisfactory. 

One objection to the use of reflectors is the dark shadows cast 
above an angle of about 80 degrees to the vertical, as a result of 
which the blackness of the buildings and the darkness above the 
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Fic. 20.— Polar Curve for 550-watt Lamp, fitted with Clear Inner and Outer 
Globes, as shown in Fig. 3 (full lines) and having a Graded Frosting on 
the Lower Portion of the Outer Globe. The írosting is densest at the 
bottom of the globe, and disappears at an angle of about 40 degrees 
below the horizontal. 


lamps is very much intensified. This is particularly noticeable in 
foggy weather. 

The “man in the street" probably bases his opinion of the 
respective merits of rival schemes of lighting upon the relative 
intensity and extent of the illumination. Consequently there is no 
doubt that it is a distinct advantage to illuminate as large an area 
of buildings as possible, provided always that it can be done without 
a reduction of the light flux in a more useful direction. If the elimina- 
tion of shadows can (therefore. be effected by more legitimate means, 


See с 
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there is no advantage to be gained by the use of reflectors. It 15 very 
evident, from the results, that the most satisfactory curves of light 
distribution are obtained either with suitably frosted outer globes, or 
with dioptric inner globes used in conjunction with partially opal- 
escent outer globes. There is very little to choose between the two 
methods on the score of light distribution. The dioptric globes 
undoubtedly have a slight advantage in this respect, but when it 


Fic. 21.— Polar Curves for Keith High-pressure Gas Lamps. 


(a) Single-burner. (b) Twin-burner. (c) Three-burner. 


comes to the consideration of general advantages and disadvantages, 
there is much to be said in favour of the partially frosted outer globes. 
The advantages are :— 


(a) Comparatively inexpensive to produce. 

(b) The degree of frosting may be easily varied or graded as 

К required. 

(c) They have no optical centre, and consequently slight relative 
displacement of globe and arc is of no serious conse 
quence. (This must not be confused wifh relativo dis 

. , placement of arc and economizer.) | 
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(d) Intrinsic brilliancy of the light source is considerably reduced 
with a corresponding reduction of the glare effect, provided 
that the lamps are fixed sufficiently high. 

(e) Shadows under the lamps are entirely eliminated, and the 
sharpness of the shadows cast by objects is toned down 
very considerably. 


Compared with these advantages dioptric globes have the follow. 
ing disadvantages :— 


(f) They are rather expensive. 

(g) They have a very definite optical centre, and slight alteration 
in the relative position of arc and globe produces large 
changes in the light distribution. 

(4) A completely uniform distribution of light does not appear 
to be obtainable without the use of special outer globes. 


CONCLUSIONS FROM THE TESTS. 


The numerous tests referred to in this paper have at least 
vindicated the lighting of city streets by means of flame arc lamps, 
not only on the dual basis of equal cost and illumination, but also on 
the ground of light distribution. 

Unfortunately, owing to many unavoidable difficulties, the experi- 
ments with various forms of frosted globes haye not yet been quite 
completed ; nevertheless, the results so far have been very satisfactory, 
and further slight modifications will no doubt enable any reasonable 
alteration in the light distribution to be obtained. An obvious improve- 
ment in the case of the Piccadilly lighting will be the substitution of 
globes having a suitably graded frosting for the existing clear 
outer globes. 

As there is a substantial difference between the cost of the flame 
arcs and the high-pressure gas lamps for the same minimum 
illumination, it would be possible to improve the arc lighting, if 
considered desirable, by reducing the distances between lamps in the 
case of future extensions. If fixed at the present height, and 
тоо ft. apart, the minimum illumination would be not less than 
0°75 foot-candle. 

No attempt has been made to obtain perfectly uniform illumination, 
since it is very doubtful whether such a scheme would be desirable, 
even if possible. A variation factor of 3°75 is not excessive, if the 
change is fairly gradual ; and in this respect the partially frosted globes 
give results quite as favourable as the dioptric ones. 

A well-known authority on street lighting has expressed the 
opinion that perfectly uniform lighting is flat and uninteresting. From 
a purely psychological point of view this is no doubt quite correct, 
but there is also probably a more definite physiological explanation. 
The visual conception of illumination is largely a matter of contrast, in 
connection with which fatigue of the eye plays a very important part. 
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It is, therefore, quite probable that the hollows in the illumination 
provide the rest necessary to enable the eye to appreciate the peaks, 
with the result that the average impression produced is superior to the 
corresponding effect due to a. perfectly uniform system of lighting 
of equal average intensity. 


APPENDIX A. 


MANCHESTER CORPORATION ELECTRICITY DEPARTMENT. 


Statement of Cost of Supplies during the Year ended 31s! March, 1912. 


| | Division. 


| Total. кыша Fixed Costs. 
4 £ £ 


| Generation costs... E is 
| Distribution costs jd. sies 
. Rents, rates, and taxes ... i 
M te с — 

Interest charges... L. 1, 447498 | 87.431 | 36006; 
Depreciation account 

Reserve funds 

Rate aid ... 

| 


Deduct; Cost of traction sup- 
plies taken in accordance 
with the Model Form drawn 
up by the I.M.E.A. and 
M.T.A. ... im zi aks 109,389 25,078 84,311 


162,353 | £275,756 


| £338,109 


ELA me = Е Ра А EET e — 


(a) Running costs : £62,353. 
Number of units sold (other than traction), 64.466,22. = 0'232d. 
per unit. 
(b) Fixed costs: £275,756, divided on following assumptions :— 
(i) That the costs are due to the maximum demands of con- 
sumers. 
(ii) That these (known only in total of 31,475 kw. from station 
records) are estimated to be made up thus :— 


kw. 
70 per cent of lighting connections, 24,031 kw. = 16,821 
The balance as power ... 29, ec 14,654 


31,475 
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£ 


(iii) = 10,821 En £275,756 — Lighting = 147,371 
31 


J 


(iv) »^ of £275,756 — Power = 128,385 
31,475 
2275.756 


spread over total kilowatts connected :— 


” 


(с) Lighting “ tixed costs 


£147,371. 


24,031 kw. £6°133 per kw. connected. 


APPENDIX B. 


STATEMENT SHOWING COST OF CURRENT PER UNIT. 


Cost of current = £6°133 per kw. connected, plus 0'232d. per unit 

metered. 

(a) The all-night lamps run on a 45 per cent load-factor, or 4,015 
actual burning hours per annum. 

(b) The 11 o'clock lamps run on a 23 per cent load-factor, or 2,017 
actual burning hours per annum. 

Cost of current per unit in the case of (а) = o'6d. 
” n » (5) == o'97d. 


APPENDIX C 


ê 


STATEMENT SHOWING COST PER ANNUM OF LIGHTING PORTLAND- 
STREET. 

Lamp watts = 550. 

Carbon costs = o'2d. per lamp per hour. 

Trimming and maintenance charges = ооа. per lamp per hour. 

Current consumption per annum (all-night lamps == 4,000 X 55/100 
= 2,200 units + 11 o'clock lamps = 2,000 X 55/100 = 1,100 
units) = 3,300 units. 


| Cast per lamp 

All-night Lamps. per anmumn. 
g sd 

Current, 2,200 X o'6d. sei d ies е e. $100 
Carbons, 4,000 X o'2d. E i iss "T 
Trimming and maintenance, m x o'osd. in ss o 16 ` 

£9 1 3 


II o'clock Lamfs. 


Current, 1,100 X 0'974 499 
Carbons, 2,000 X o'2d. е - са 113 4 
Trimming апа аена: 2,000 X соза, o 8 4 
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Summary. 
£ s d 
Cost of 8 “all-night ” lamps 77 6 8 
» 8 "riro'clock" lamps 52 5 4 
6129 12 о 
Capital expenditure оп installation, £564. 

Capital charges per annum (84 per cent on £564) 48 о о 

Annual acknowledgments for building attachments 
- and use of tramway-poles I 4 0 
Annual cost of painting poles 3 6 6 


Total £182 2 6 


Averaged over 16 lamps, the cost per lamp per annum equals 
£11 7s. 8d. 


Capital spent on installation of the 16 arc lamps in Portlana-street. 


Wages of men 
Material, viz.— 


Arc lamps, poles, wire, carbons, hangers, etc. ... . 342 о 4 
Meters тё i 


£ s 
88 18 5 


les ae РА al aia id T 417 6 

Paid to Tramways Committee for erecting side poles, 
wall rosettes, and span wires 128 6 7 
£504 2 10 


or, say, £564. 


APPENDIX D. 


STATEMENT PREPARED BY MR. ABADY SHOWING THE COST PER 
Gas LAMP (ІІ O'CLOCK) PER ANNUM. 


Cost of gas uncompressed ... 
Cost of compression 

Cost of gas compressed 
Mantles 


12°69d. per 1,000 cubic feet 
I'2d. 

13`894. » » » 

15. 144. each. 


Wages— Proportionate part of time of one man (whole time at 285.), 
and one man for 6 hours a week at 25s.: £1 7s. 2d. 

Each lamp consumes 80 cub. ft. of gas per hour for 2,000 hours 
per annum. 

One mantle lasts about доо hours, therefore each 3-burner lamp 
takes 15 mantles per annum. 


Lamps attended to and maintained at a wages cost stated above. 


Mr. 


Seabrook. 
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Cost per lamp 

per annum. 

£ в. d. 

80 cub. ft. by 2,000 hours = 160,000 cub. ft. at As te 

per 1,000 ... see 9 5 2 
Lighting, extinguishing, cleaning, and maintenance I 7 2 
15 mantles at 1s. 14d. each . zs : O 16 10} 
£11 9 24 


Equivalent to 1°37d. per hour lighted. 


Nothing is included in the above for interest and depreciation 
on capital spent on installation, or for globes. 


Capital spent on Installation of the Four Gas Lamps in Princess-street. 


£ = d 
Wages sie bos s Ss jo ijs РР 12 6 6 
Lamps Ws m е7 pe = sais si 49 17 6 
Poles.. Wat - — T СЕ 33 0 о 
Suspension gear and rosettes € «is m А 26 16 10 
Barrel and fittings ... or з as ds 2 I 2 
Tramway account for work done s ar ae 70 9 4 


Nothing is included in the above for high-pressure mains or com- 
pressor plant. 


DISCUSSION. 


Mr. A. H. SEABROOK: We have been very much disturbed in 
London during the last twelve or eighteen months on account of the 
progress made by our competitors in regard to street lighting. If we 
had had placed before us earlier a paper of this kind, with its valuable 
tests and records, I think the success attained by our competitors 
would not have been anything like so great as has been the case. 
There is not very much to criticize as far as the paper itself is con- 
cerned, because it is entirely a record, and the figures given are so 
conclusive and the tests obviously so impartial that there does not 
seem to be any possible doubt as to the accuracy of the deductions. I 
am entirely in agreement with the method of centrally-suspended 
lamps advocated by the authors. We have no room on the footway. 
wbat with tramway poles and other obstructions ; and it is therefore 
really necessary that arc lamps should, where possible, be suspended 
from the adjoining premises. I do not quite understand the absence of 
lowering gear, and the authors do not appear toattach much importance 
to being able to lower the lamps without the use of tower wagons; I 
think it highly desirable, however, not only because of the saving in the 
cost of trimming, but also on account of the ease with which the lamps 
can be attended to during the dense strcet traffic in the evening. 
During the last two years we have changed the Oxford-street lamps 
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from tower-wagon trimming to lowering gear, and the cost of the 
lowering gear was practically wiped out in about eighteen months by 
the saving of labour, apart from the fact of being able to give proper 
attention to faults. The figure of o'2d. mentioned by the authors for 
the price of carbons is interesting ; until a year ago that was our cost 
for flame arc lamp carbons for Oxford-street. We then went in for a 
cheaper type of carbon, costing o'16d., but the result was quite un- 
satisfactory and shows that economy in the case of street lighting is 
very often a false economy. This year we are going back to the dearer 
carbons at o'2d. I am quite certain that no greater mistake сап be 
made than to attempt economies of this kind, whether in carbons or 
anything else, in connection with street lighting, which affords one of 
the greatest advertising possibilities for the electric supply under- 
taking, and should be taken advantage of by giving the best light 
possible. I will ask the authors in their reply to give some informa- 
tion about the globes which appear to have been very successful after 
a lot of trouble and experiments : I should very much like to try some 
of these globes in our own district. I am rather diffident as to touching 
on the question of the calculated cost of current for street lighting on 
page 631, because I do not know whether o'6d. per unit is intended to 
include profit, or whether it is the actual cost of supply for street 
lighting. In any case it isa very good covering figure, owing to the 
method by which it is obtained, particularly the method of arriving at 
the percentage of maximum load on the feeders for which the lighting 
load is responsible. Of the 31,475 kw. for lighting and power, the 
lighting load is assumed to be 16,821 kw.—obtained by taking 70 per 
cent of the lighting connections, which are 24,031 kw. That 
70 per cent is a very high figure ; 50 per cent or 45 per cent is nearer 
the mark. As I say, however, I should not like to place too much 
stress on that point, because I do not know whether the authors’ figure 
is supposed to cover profit. It is interesting in a way, however, 
because although the figure of o'gd. looks very low for half-night 
lighting and o'6d. for all-night lighting, by taking the lighting maxi- 
mum load on a more accurate basis (as I think) it means that anyone 
who is very hard pressed by gas for street lighting has, on the authors' 
basis, a very considerable margin for a still further cutting of price in 
case of necessity. I suppose there is a large amount of residence 
lighting in Manchester, a great proportion of which load comes on an 
hour and a half to two hours after the peak. If the authors reduce 
that figure of 16,800 kw. to something like 12,000 kw., it brings the cost 
down from £6 to possibly £4 or £5. 

Mr. HavpwN T. HARRISON : Although such work as that described in 
the paper has been done before—for instance, in London by Mr. F. 
Bailey and his assistants—the results have not hitherto been published 
to the same extent. The point which interests me, and I suppose other 
members also, is that, in the particular case dealt with, high-pressure 
gas was successfully shown to be “out of court." We know that 
in the joint report to the Manchester Corporation submitted by 


Mr. 
Seabrook 


Mr. 
Harrison. 
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Mr. Mr. Abady and myself, Mr. Abady was able to say that the high-pressure 
Harison. — sas lamps were not up to the standard possible ; that is to say, a better 
showing could have been made for high-pressure gas. I think it only 
fair to him to say that a better showing has been made (for instance, in 
Westminster) than was done at Manchester at the time referred to. 
The reason is that in Manchester a lower gas pressure is used than 
in London, and if the pressure had been raised to the same value as 
that in London the subsoil of Manchester would have been saturated 
with gas. The difference is represented by 27 candle-power per cubic 
foot of gas as against nearly 50 candle-power. The reason why the higher 
pressure and efficiency are obtainable in London is because here the 
same care and precautions have been taken by the gas authorities in 
dealing with the street-lighting problem that Mr. Pearce and Mr. 
Ratcliff took in providing street lighting at Manchester by means of 
clectric lamps. It is essential to let the arc-lamp manufacturers know 
exactly the light distribution required. Many makers are quite content 
to send out lamps which work satisfactorily from a mechanical feed- 
point of view, and which give a very efficient light at certain angles 
unsuitable for street illumination. To install such lamps in an indis- 
criminate way does immense harm to the progress of elcctricity for 
street lighting. I have a case in mind where a circular was distributed 
by one of the many associations connected with the electrical industry, 
and in this circular it was affirmed that anything from 2,500 up to 5,000 
candle-power could be obtained with the flame arc lamp. But when 
an example is required, it is necessary to admit that only from 1,300 to 
1,700 useful candle-power is obtained. Fortunately this is a point 
which the Institution has carefully considered, and which will soon be 
dealt with in the forthcoming standard specification for street lighting. 
Many members may have seen the figures recently published by Dr. 
Bloch—one of the greatest authorities in Germany on this particular 
class of work. Dr. Bloch states in his book that with high-pressure gas 
lighting it is possible at the present time to obtain 25:5 to 28:5 candle- 
power per cubic foot in a horizontal direction, 18 to 21°5 mean 
spherical candle-power per cubic foot, and 16 to 18 mean hemispherical 
candle-power per cubic foot. Many of us are told that we have to 
compete with 50 candle-power per cubic foot for high-pressure gas, 
but Dr. Bloch and the authors of this paper have shown that that is not 
usually the case. The effective useful candle-power for street lighting 
does not generally exceed 30 candle-power per cubic foot. Mr. Abady 
and myself, using different types of photometers, found a mean result of 
27 candle-power per cubic foot, which closely agrees with those in Dr. 
Bloch's work in Germany that has been published since our report. 
'Thus his independent figures not only corroborate our own, but show 
that photometric measurements even in the street are not by any means 
unreliable. With regard to the minimum horizontal illumination men- 
tioned, the authors give a minimum of o'5 foot-candle. "That is a high 
minimum, and it cannot be held to apply except in towns of such 
importance as Manchester. The buildings in that city are practically 
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black, and there is nothing in any way to assist the street lighting. At 
one particular point in the two streets referred to in the paper there is 
a house which is a little lighter in colour than the others ; originally 
it was white, when I was there it was grey, and now probably it is 
black. At the time of the test everybody who looked at the lamp 
adjacent to that house asserted that it was the best lamp of the lot ; and 
so it appeared to be. That shows that if we have to depend on the 
opinions of others, as so many engineers have to do, we shall be told 
by those inspecting the work something similar in effect, namely, that 
* the best lamp is nearest to the white house." I ought to say, once 
and for all, that it is essential to have recourse to photometry. There 
are occasions when we are told that photometry does not matter ; but 
if the lamp nearest the white house were removed to the other end of 
the road, those who had previously affirmed its superiority would then 
say it was the worst lamp. As regards intrinsic brilliancy, when com- 
paring high-pressure gas lamps and arc lamps, many people say that 
the effect of an arc lamp on the eyes is not so pleasant as the effect of 
the high-pressure gas lamp. Our competitors claim that this ill-effect 
is due to the intrinsic brilliancy of the arc lamp. I have calculated it 
roughly by estimating the candle-power per square inch or per square 
centimetre of the light source. In the case of the high-pressure gas 
this will be something like 3,000 candle-power for 9 square inches. 
This is certainly a much higher intrinsic brilliancy than in the average 
arc lamp, having a globe which absorbs about 22 to 25 per cent of 
light; in which case electric lighting would have the advantage 
from the point of view of intrinsic brilliancy. The cost appears at 
Manchester to be greatly in favour of electric light. I notice that on 
page 614 of the paper the authors give figures which are made strictly 
comparable by assuming that the Portland-street lamps are all switched 
out at 11 p.m. ; in connection with that, I would ask whether anyone 
can say why the lighting of the streets should be reduced at 11 p.m. ? 
If it be a question of traffic, this in London certainly exists until mid- 
night; and the traffic then diminishing, people say the amount of 
light may be reduced. Policemen in London state that robberies, etc., 
are mainly cominitted between the hours of 3 and 5 a.m., when the 
lighting is reduced. In Manchester the lamps are turned out at 11 p.m., 
and, presumably, the police can do their work after that hour with 
about one-eighth of the ordinary illumination. I hope we shall one day 
be able to show the municipal authorities that the practice of thus 
reducing the light is unwise. In which case longer hours of lighting 
will further reduce the cost of electric lighting. 

Professor A. SCHWARTZ: One of the first difficulties met with in 
designing a photometer for street purposes is the very large range of 
illumination which the instrument has to measure. On the one hand, 
it has to deal with an illumination of, say, 6 foot-candles, and, on the 
other hand, it has perhaps to read down to an illumination of one- 
tenth of a foot-candle. In order to reduce the light entering the photo- 
meter I understand the authors have employed a slit, the jawsof which 
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Profesor — arc connected by a micrometer screw. I should like to ask them 
Schwartz, — whether they have made any tests to find out whether there is 
any backlash present. With a large aperture in the slit, a small 
amount (such as one-hundredth of an inch) of backlash would cause 
little or no error; but when working with a narrow slit, the error 
would be considerable. Last year, two of my former students, Messrs. 
Gwyther and Taylor, designed and made a photometer for street work, 
in which they got over this difficulty of the slit and the micrometer screw 
by means of a disc containing four or five circular apertures. "These 
apertures were ccvered with photographic films of different degrees of 
density. The films were carefully calibrated, and were placed in turn 
in front of the orifice of the photometer, thus reducing the amount oí 
light which came in, while the range of illumination with which they 
were able to deal varied from yj, foot-candle up to 12 foot-candles. 
The authors have referred to deviations from the law of inverse 
squares ; the inverse square law applies strictly only when the source 
of light is a point, and the matter is of some importance in the calibra- 
tion of the photometer, especially when a standard such as the Fleming- 
Ediswan with a long filament is used for calibration purposes. In the 
case of a source of light in the form of a straight filament, if it is 
| desired to keep within an error of 2 per cent, the distance from the 
photometer head to the standard must not be less than six times the 
length of the filament. This deviation from the law of inverse squares 
also applies, of course, to the use of the sub-standard, in the photometer 
itself. Another possible source of error within the photometer, which 
I think might well be investigated, is the amount of reflection obtained 
with a dead black paint. I am sure the authors will agree with me that 
the old Royal Infirmary of Manchester is remarkable in the way of 
blackness, and yet good photographs of that building are extant show- 
ing that a considerable amount of reflection must have taken place from 
its surface. I think that a certain amount of reflection also results 
from the dull black paint inside the photometer ; Mr. Weston Taylor's 
experiments indicate the presence of a distinct disturbance increasing 
as the distance of the sub-standard from the photometer head was 
increased. On page 605 of the paper reference is made to a proposed 
international standard height for photometric observations, viz. a plane 
one metre above the street surface, to which illumination measurements 
should be referred. I agree with the authors in thinking that there is 
no real reason why this height should have been selected. It is certainly 
a very inconvenient height for making measurements with certain types 
of photometers, and I further agree with the authors' view that a height 
of 14 metres (about 4 ft. 10$ in.) would be a much more convenient 
plane at which to take measurements, as it represents approximately the 
average height of the eye. If any reduction by calculation is made, 
it should be to the ground level. Messrs. Taylor and Gwyther's 
observations in Portland-street and Princess-street were taken on a 
plane 5 ft. above the street surface. Their results are slightly higher 
than those of the authors, both for gas lamps and arc lamps, but they 
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confirm the general relation between the two illuminants found by the 
authors, also the great variation in the candle-power of the high-pressure 
gas lamps. In Mosley-street, for instance, the high-pressure gas lamps 
gave maximum illuminations of 0°5, 2°55, 3'4, 4°55, and 6'5 foot-candles 
from four lamps respectively. The authors have referred to the 
question of glare. In average cases glare is caused by light between 
the angles of 60 deg. and 80 deg. with the vertical. I think the authors 
are to be congratulated on their diffusing arrangements and the absence 
of glare, which is very cheaply purchased by the loss of a little light. 
They have told us that the curves and tables given in the paper are the 
result of a large number of experiments, and are average or mean 
values. I think it would be useful if we could come to some agreement 
as to the method of expressing the average value for the illumination of 
a street. We might, for instance, get the mean polar curve of half a 
dozen lamps and then assume two lamps whose height and distance 
apart were the average height and distance apart of all the lamps in the 
street. We could then work out from the polar curves the illumination 
curves for these two lamps, which would form characteristic curves for 
the illumination in that street. 

Mr. F. BAILEY: In an enterprising city of the size of Manchester, 
it seems to me rather extraordinary that there is sufficient smoke left 
to incrustate the buildings with black, instead of factory chimneys 
having been replaced by electric motors. I think that the time has 
arrived when the Corporation of Manchester should seriously consider 
the initiation of street cleaning, and they should start their improve- 
ments by cleaning the buildings. They could then obtain the o'5 foot- 
candle referred to in the paper with the expenditure of less electrical 
energy than at present. I sympathize with the authors, but I cannot 
help feeling slightly critical. The point about which I have difficulty 
is this: Why should all these disadvantages and obstacles that have 
been encountered occur in the streets? Knowing what they had to 
deal with, would it not have been better to have tested the lamps 
privately, and then to have erected them? The paper rather gives the 
impression that there is something unknown about arc lamps and flame 
arc lighting, and that there are dangers, difficulties, and disadvantages, 
which it requires expert assistance to overcome. This, however, is 
not really the case. I disagree with the suggestion that we have 
not published our results, but of course we have not published 
long histories of disappointments and failures, as this course would 
have been unsatisfactory to everyone. It seems a pity that these 
erroneous impressions about public lighting should get about. With 
regard to grading the opalescence of globes, what we are all trying 
to avoid is interference in any way with the skin of a globe, so as 
to preserve it as long as possible in the state in which we receive 
itfrom the makers. Without proper attention it is difficult to keep 
a globe in its original condition for more than a few days, and to 
prevent the vapours from attacking the glass. We do not want to 
start by spoiling our globes by exposing them to the additional risks of 
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dirt and vapours. The authors give a tabulated statement setting 
forth the advantages and disadvantages of dioptric globes. We have 
had some experience with these globes, and while I do not know what 
type of globe the authors experimented with, or the methods they have 
adopted, the results shown in some of the curves are very curious. It 
seems to me that something must have been wrong either with the 
type of dioptric globe or with the method of application. Ishould be 
sorry to think that this type, whatever it is, is likely to be used 
indefinitely in this particular form. The dioptric globe, naturallv, 
requires very careful handling, and its chief functions have not bcen 
mentioned in the paper. The dioptric globe, such as I should like 
to see, is that which is the outcome of the work of Mr. Trotter (who, bv 
the way, does not often get the credit for his suggestions and initia- 
tions) Mr. Trotter’s work is the foundation of the design worked out 
by Mr. O. L. Peard,to whom we arc so much indebted for our practical 
success. It is a very difficult matter to try and combine the best 
theoretical shape with the practical form in which it can be made. 
We had a number of interviews with the glass manufacturers when 
endeavouring to apply a theoretical design which could be worked out 
in practice, and as they did not care to undertake the expense and risk 
of making the necessary mould, we had to set to work on a new 
problem and make the mould ourselves. With skilful treatment at 
the makers’ hands the globes are a practical success ; they are clean, 
free from blow-holes or bubbles, and stand heat remarkably well. 
The essential feature of the design is to focus the rays of the arc 
in a particular direction, but there are other important functions 
to bear in mind. Thus, we had to consider the angle at which the 
lamp could be seen from a distance, and to arrange for the ash from the 
carbons to be deposited in a receptacle and not left to collect on the 
glass itself, as this would not only have obscured the light, but would 
probably have led to the glass being damaged by subsequent cleaning. 
'The most important function of a properly designed globe is to secure 
a steady arc. It is difficult, in fact, to believe the remark of the authors 
that the gas lamp is steadier than the arc lamp. It seems incom- 

prehensible, in 1913, to admit that an arc lamp cannot be made to burn 

as steadily as a gas lamp: I strongly recommend the authors to 

reconsider this matter, and see whether by the adoption of dioptric 

globes, in the proper manner, this difficulty cannot be overcome. 

With regard to tower wagons and the central-suspension system, 

I have had a good many years' experience of the latter, and it has 

been my lot to deal with a difficult case where a number of arc lamps 

are permanently fixed without lowering gear. The trimmer did not 

find his work by any means easy. There can be no question that the 

practical advantages of a lowering gear are very great. We have, 

during the last seven or eight years, carried out a considerable amount 

of testing, and have given the makers the benefits of any tests we have 

made. Not only so, but we have done our best to make the process of 

lighting the lamps a simple operation. 
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Mr. К. EDGCUMBE : I think that all who share the opinion that hori- 
zontal illumination will eventually be accepted as the basis for comparing 
results in street lighting will welcome the way in which the authors of 
this paper seem to take it as a matter of course that the figure for the 
horizontal illumination is the one to be given. Professor Schwarz has 
raised the question of the metre height. There is rather more in this 
question than merely taking a convenient unit of length, as the authors 
suggest. A year or two ago the Germans, through the Verband 
Deutscher Elektrotechniker, authorized the adoption of the metre as 
the height for horizontal illumination measurements in the street, which 
has led to the suggested adoption of the metre in this country. For a 
long time 3 or 4 ft. has been taken as the most convenient height, and 
it therefore seems reasonable to adopt 3 ft. 5 in., so that the result of 
measurements in the two countries may be really comparable. 
Fortunately the lux, which is the German unit of illumination, is nearly 
ту Of a British foot-candle. If only we could induce the Germans 
to accept the * candle-power " now adopted in this country, France, 
and America, the two units would be still nearer, as the difference 
would then only be 74 per cent. I am sorry that the authors do not 
say more definitely what they mean by “horizontal illumination." 
They give a definition on page 605 of the paper to the effect that “ hori- 
zontal illumination is the vertical component of the light flux density 
on any plane normal to the incident ray." This is perfectly correct, but 
it seems involved, and the authors rather spoil it, to my mind, by their 
next remark, namely, *. . . it is advantageous to obtain this value by 
direct calculation, without any reference to the particular nature of the 
ground surface." Iam sure the authors do not mean to suggest that if 
the ground is light in colour the “horizontal illumination" will be 
higher, or vice versa ; the illumination in foot-candles has nothing to do 
with the “ground surface." It is true that the surface brightness would be 
greater, but that is due to what Mr. Paterson calls the “ co-efficient 
of reflection," and depends upon the nature of the surface. I do not 
wish to labour the point, but it has so often been contended that the 
illumination is affected by the nature of the surface that it seems 
desirable, in a classic paper of this kind, to have the matter explained 
clearly. I note that theauthors suggest that the horizontal illumination 
should be calculated from candle-power measurements. That, I suppose, 
is partly due to the fact that the photometer they were using was a candle- 
power photometer pureand simple, and they had, therefore, no alterna- 
tive; but Ithink that this does away with one argument in favour of the 
horizontal illumination basis compared with the candle-power basis. 
One of the main advantages is that since it is illumination and not 
candle-power which is being purchased, it is better to leave the con- 
tractor as free a hand as possible as to how he obtains his result. I 
think that the remark of the authors, on page 612 of the paper, as 
to the unsatisfactory nature of Portland-street from the illumination 
point of view, distinctly shows that we should not merely measure the 
candle-power and calculate what we think the horizontal illumination 
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ought to be, but that we should actually measure it. It seems to me 
that the figures given in the paper do not represent the actual illumina- 
tion in Portland-street, but rather what that horizontal illumination 
might be supposed to be if the whole installation were removed to some 
impossible situation where there was no possible reflection from 
houses, trees, etc. As, however, the installation is in a street the reflec- 
tion from the houses, if it exists, should, it seems to me, be taken into 
account, and actual measured values of horizontal illumination given 
in place of calculated values. The authors do not appear to be cxactly 
enthusiastic about the flicker photometer ; they may mean to be, but, 
if so, I cannot share that enthusiasm. For street lighting I have never 
been in favour of the flicker photometer. They tell us about the 
physiological troubles and the severe eye-strain, but do not allude to 
the well-known difficulties which arise when using the flicker photo- 
meter for low illuminations. The flicker photometer, moreover, 
corresponds very much to the telephone receiver when used with 
a Wheatstone bridge ; one can hear the telephone buzzing, but there is 
no indication as to the direction in which the adjustment has to be 
made. With the flicker photometer there is a similar uncertainty, and 
that is a serious disadvantage. The equality of brightness photometer, 
on the other hand, corresponds with the central zero galvanometers in 
this respect. 

me years ago I suggested, in one of the technical journals, that 
it might be interesting to calculate a figure for the average illumina- 
tion in foot-candles, as obtained from curves such as those in Figs. 6 
and 7, and see how that worked out in £ s. d. per yard of street. It is 
extremely difficult by any other method, as far as I can see, to get a 
comparative figure for the two installations described in the paper. 
The arc lamp illumination may be either better, worse, or equal to the 
gas. We know what the two cost, but it is difficult to arrive ata really 
comparable figure. Referring to the curves of horizontal illumination 
on page 609 of the paper, if we take the average illumination over the 
length between two lamps, and multiply it by the distance between 
them, we should have a figure of so many “ foot-candle yards," say. 
In fact the idea is much the same as that involved in calculating horse- 
power by multiplying the length of stroke by the mean pressure. Such 
a figure, compared with the cost per lamp per hour, or per 1,000 hours, 
would give a constant, from which the value of the lighting installation 
could be deduced, and a direct comparison made. Roughly, I make 
out from the curves in Figs. 6 and 7 that each gas lamp gives about 47 
" foot-candle yards" and each electric light about 62 “ foot-candle yards.” 
From the figures in the appendixes I gather that the cost per lamp 
of the gas lighting is about £5 15s. for 1,000 hours, and of the electric 
lighting £3 5s. for 1,000 hours. This would come to 2s. 6d. in the case 
of gas, and 15. in the case of electricity, per *foot-candle yard” for 
each 1,000 hours of lighting. This proposal, of course, only deals with 
the illumination along the centre of the street, but so long as the 
breadths of the two streets are not widely different the comparison 
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seems perfectly fair, and this is borne out by comparing Figs. 
8 and 9. 

Professor J. T. Morris: The authors state that the detrimental 
effect of a foggy or heavily smoke-laden atmosphere on the mantles 
results in a serious diminution of candle-power just at a time when 
it is most required. It would be of interest to know to what this effect 
is due, and what is its. magnitude. As to the efficiency of the high- 
pressure gas lamps installed in Manchester, it is to be regretted that 
these lamps were certainly not working at their highest efficiency. 
Many people have stated, among them Mr. Haydn Harrison, as a 
result of tests made, that high-pressure gas lamps do not, as a rule, give 
the guaranteed candle-power. I am specially interested in this matter, 
having myself also tested some of these high-pressure gas lamps, and 
having obtained figures which are practically corroborated by the tests 
given in the paper. As the results of some of my tests have been called 
in question, I am glad to have the independent support afforded by 
these tests. Table I is particularly interesting, for here we have a 
lamp rated at 4,500 c.p. giving a maximum of only 2,300 c.p., and so 
on all the way down the columns, the actual maximum being only 
about half the rated candle-power. It is exceedingly important to our 
gas competitors to seethat the lamps,they supply are installed in such a 
way that the candle-power obtained from the lamps is that at which they 
are rated. As far as I can see it seems much more difficult to get the 
rated candle-power from gas lamps than from arc lamps ; but that is a 
matter for the high-pressure gas experts. What I want to see is fair, 
open competition, and no doubt we all desire the same. On page 619 of 
tke paper there occurs a statement, distinct from that to which I have 
previously referred, about relative penetration in a foggy atmosphere. 
I take it that the authors are convinced that the electric flame arc is 
superior in its penetrating power to the high-pressure gas lamp in foggy 
weather. Have they measurements by which they!can corroborate that ? 
If so, they would be most valuable. The statement has often been 
made that high-pressure gas has a much greater penetrative power 
in fogs than the electric arc, and I have known cases where high- 
pressure gas has been installed merely because that statement has 
been believed. Figures supporting the authors contention would 
therefore be most valuable. | 

I have one or two questions with regard to photometry. In Table II 
the authors give the size of type which can be read distinctly at given 
distances; in connection with this I should like to ask if the test card 
(Fig. 4) was placed horizontally or at right angles to the beam from the 
lamp. Also, could the authors give figures of illumination which would 
compare with those distances, so that the following point could be tested ? 
Whether the ease with which these types are read is simply a question 
of illumination, or whether there is something intrinsic in one or other 
of the sources of light which causes a difference? I have expressed, in 
the form of a short table, the percentage cost of the various items 
which go to make up the total expenditure in each lamp (gas or 
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electric), with the idea of showing in which direction it would be most 
profitable to look for improvements :— 


High-pressure Gas. Electric Flame Arc. 


. Per cent. Per cent. 
Gas or electrical energy ... ie 80 60-65 
Trimming and maintenance  ... 13 7-8 
|, Mantles or carbons T" es тт | 28-30 


Mr. J. S. Dow: One of the most interesting points in the paper, to 
my mind, is the effort which has been made to improve the distri- 
bution curve of the arc by graded globes. I am pleased to see that the 
authors lay stress on the avoidance of glare ; but it rather seems to me 
that the method adopted of obscuring these globes is not quite what 
is needed to get rid of the worst variety of glare. The experience of 
most people is that the rays which cause most trouble from a street 
lamp are those that come at small angles to the horizontal from fairly 
distant lamps falling within the direct range of vision. Yet the authors 
seem to have used the heaviest obscuring on the lower parts of the globe, 
thus softening mainly the rays that are comparatively innocuous, It must 
be admitted that the rays slightly below the horizontal are just those 
that one requires to be very intense in order to secure uniform illumina- 
tion. One is thus in a dilemma—if one seeks to reduce glare one is 
apt to diminish the illumination midway between the lamps. The 
authors raise the question of even illumination. People sometimes 
argue that daylight is uneven ; but daylight is so very much brighter 
than artificial light that we can have enormous variations in illu- 
mination without being aware of them. But when we are badly in 
need of more light, as in street lighting, and when each point in the 
street requires illumination to an equal degree, uniform illumination is 
the proper thing at which to aim. The next question is how to get the 
ideal curve of illumination to secure uniformity, and yet avoid glare. 
The curve given by the authors which comes nearest to the ideal for 
uniformity would seem to be that shown in Fig. 18. On the other 
hand, on examining the curves in Fig. 19 it is noticeable that curve а 
(which is recommended) appears to be the best for giving even 
illumination ; but that type of curve is only obtained by absorbing a 
great deal of the light given off at other angles. The other curves, 
b, c, may not give the right distribution for street lighting ; but this is 
because they give so much more light than a. It was formerly 
argued that lamps with upright carbons gave a better shape of curve 

* Unfortunately this percentage for the mantles is too low because the wear and 


tear of mantles is known to be much greater if the lamps are giving their full rated 
candle-power, 
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for street lighting than flame arcs; but they did so merely because the 
lower carbon got in the way and obstructed a great deal of light. 
What one should do is to get the ideal curve, not by merely absorbing 
the light in certain directions, but by redirecting it. I question whether 
by any form of purely diffusing globe one could achieve much in this 
respect. Translucent diffusing methods rarely direct the light to any 
great extent ; it is usually found that.they tend to smooth out irregu- 
larities and to make the curve spherical. The ideal curve might 
perhaps be got with comparative ease in the case of a metal fila- 
ment lamp, because all the light which otherwise would pass upwards 
can be utilized. One investigator—Sweet—in the United States did 
obtain a close approximation to the ideal curve, coupled with very good 
conditions as regards avoidance of glare. He used a combination of 
prismatic glass reflector and opal globe, but I understand that his 
method was not practical in other respects. In the flame arc the 
source is largely “bottled up” in the economizer, and much of the 
light is inevitably directed downwards. Turning to photometric 
questions, one would recommend adhering to the 3 ft. 3 in. hori- 
zontal plane for illumination measurements, because it is general on 
the Continent, and recognized by the Committee of the Verband 
Deutscher Elektrotechniker ; moreover, this measurement is the one 
most employed in indoor work, because the metre is not far from 
the height at which illumination is mainly required—about the height 
of a table in most cases. The authors have also raised the old bogey 
about the “ Purkinje effect." From work recently described by Ives 
in the Philosophical Magazine, it appears that this problem is in a fair 
way to be settled. But it may be suggested that, at the degree of 
illumination the authors mentioned, these physiological colour-effects 
need not be feared. I have found that even with red and green light 
it is necessary to get a lower illumination than one-tenth of a 
foot-candle before any very serious difference becomes apparent, 
while with ordinary illuminants the effect would be still less marked. 
But the method of removing test type from a lamp until the type just 


cannot be read is perhaps more open to objection from this standpoint. 


than any other. This system, and also so-called “extinction” methods, 
are apt to lead to very weak illuminations being employed, and at such 
illuminations the eye is in an entirely abnormal state. Considerable 
confusion has been caused by the publication of experiments in 
which the effect of this circumstance was not realized. 

Mr. A. J. CRIDGE: Reference is made in the paper to the physio- 
logical effect of light. It has occurred to me that elderly people 
are possibly more sensitive to light of short wave-length, and so prefer 
the slightly greenish light of incandescent gas, while younger people 
like the yellow light of the flame arc, which is of longer wave-length. 
I should like to ask the authors if their experience bears this out, for I 
remember that when the question of the street lighting of Sheffield was 
being settled, the Chief Constable, who was responsible to the Watch 
Committee for the lighting of the streets, and who was, of course, a 
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considerably older man than myself, was decidedly in favour of gas. | 
preferred the flame arc lamp. 

Mr. A. P. TROTTER (communicated) : This paper is a record ot the 
result of the instruction of the City Council of Manchester to its Gas 
and Electricity Committees to take two streets and to do their best. 
The first effort of the Gas Committee in Mosley-street was so much less 
brilliant than the electric lighting in Portland-street that a short part of 
Princess-street abutting directly on Portland-street was chosen for a 
more strenuous production. A critic can stand at the junction of these 
streets and compare the various features presented by the two 
illuminants. This I have done on several occasions, and on the last 
with Messrs. Pearce and Ratcliffe’s paper in my hand. In doing their 
best the two rivals seem to have had in view copious illumination, 
uniformity of distribution, and economy. If these were their objects 
they have both succeeded admirably. The difference between the 
illumination of the two streets and between the uniformity of 
distribution is imperceptible without a photometer, and the price is in 
favour of electricity. Where an illumination (on a horizontal plane 
3 ft. 3 in. from the ground) of half a foot-candle with a ratio of 
maximum to minimum of 33 is wanted, this is an excellent way of 
doing it. The Corporation are well able to judge for themselves to 
what extent this degree of lighting is suitable for Manchester. Until 
this experiment was made, Manchester was, and in most of its other 
streets still is, the worst lighted of our great cities. There are 
probably three reasons. First, the gas supply and the street lighting 
were in the hands of the Gas Committee. It is hardly credible that 
they should have exacted from thc ratepayers the same price for gas 
for public street lighting as for ordinary householders. The second is 
that there was no competitive inducement for any improvement. The 
third may be an excuse as well as a reason. It is said that all the traffic 
in Manchester goes down one street, and that grass grows in the rest. 
The distribution of vehicular traffic in that city is certainly surprising 
to a stranger in the daytime, but the scarcity of any traffic at all, 
except tramways, after 7 p.m. is even more remarkable. I am not 
acquainted with the traffic in these streets before 6.30 p.m. 

Other street-lighting authorities who may examine the results 
described in this paper should not assume that a capital expenditure of 
£1,500 per mile of street, or £250 per mile per annum, is necessary for 
streets having the traffic of Princess-street, or even of Portland-street 
after 7 p.m. It is to be hoped that local authorities will begin to rival 


each other in street lighting as they did in tramway development. 


But the zeal with which each councillor claimed tramways for his ward, 
whether it wanted it or not, and the jealousy with which one town 
went in for larger and more gaudy bogie-cars than their neighbours, 
was not altogether good for the tramway industry. The grading of 
the lighting to suit the requirements of the traffic in different streets, 
and the hours during which that traffic exists, are necessary factors in 
economy, unless a spectacular display is desirable for the purpose of 
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making а town look attractive and gay. Не would be *-boldagprowRV Mf Trotter. 


would try that with Manchester. It is right that we eTéctrical 
engineers should try to increase the amount of light in our streets, and 
our gas friends will be not unwilling to co-operate with us ; but it is not 
to the true interest of electrical engineering to encourage extravagance. 
Local authorities and their engineers and surveyors must be educated 
in illumination as a branch of engineering. It is perfectly useless to 
tell such people that light is a vector quantity and that illumination is 
the equivalent of impressed light flux density multiplied by the cosine 
of the angle of incidence. It is difficult enough to make them under. 
stand that a surface facing a light of one candle-power, and at one foot 
from it, reccives a unit illumination of one foot-candle. It is very 
desirable that municipal engineers should realize that illumination can 
be easily, quickly, and accurately measured. Тһе complicated, tedious, 
cumbersome, and fatiguing photometer (which I have seen) used by 
the authors, to say nothing of the laborious calculations to be made 
afterwards, is enough to discourage measurements altogether. Those 
who have made such calculations recognize the heavy work which the 
authors have expended on this paper. The whole of the illumination 
measurements might have been made with one of four or five direct- 
reading instruments either at 3 ft. 3 in. or actually on the ground with 
no calculations whatever. In street lighting one need not worry about 
the Purkinje effect; it does not begin appreciably to alter the relative 
brightness of red and green until the illumination has been reduced to 
about 0'025 foot-candle. But red and green lights are not used for 
street work, and the Purkinje effect may be left to laboratory 
investigations. 

The authors say that their tests demonstrate a rather objectionable 
feature of dioptric globes, namely, the strongly defined optical centrc. 
If any maker of dioptric shades claims that his shades have no optical 
centre, and his claim is found to be untenable, some objection might be 
raised. But a dioptric shade generally means one which by the use of 
calculated planes and curves so distributes the rays of light that 
a certain predetermined effect is produced. It is necessary to assume 
an initial distribution within the shade, and this implies a focus or 
optical centre. The difficulty is that the inventors are generally 
helpless, while makers or their agents merely want to sell the goods 
and do not insist on the proper setting of the shades, and purchasers 
do not take the trouble to find out if there is any necessity for setting 
and, if so, how to set. To say that a dioptric shade has a strongly 
defined optical centre is to admit that it is, and to give it the credit for 
being, intelligently designed and made for some purpose or other. I 
have seen offered for street lighting dioptric shades in which no 
intelligence seems to have been used in the design, and I have seen 
well-designed shades so unintelligently used as to defeat the intended 
effect altogether. With a fixed focus arc there should be no diffi- 
culty in setting the shade as the inventor or designer intended. 
In 1879 I thought that uniform illumination was desirable in street. 
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lighting. I produced a dioptric shade intended to illuminate uniformly 
a circle having a diameter seven times the height of the lamp. Fixed 
focus arcs were unknown, and my lantern was 2 ft. 6 in. in diameter. 
The intention of the large size was to reduce the effect of the alteration 
in the position of the arc. I have long ago changed my opinion about 
the value of uniform illumination for street work. I consider a street is 
more usefully lighted when thc ratio of maximum to minimum illumina- 
tion is I5, or even greater. When half the lights are switched off in 
Portland-street after r1 p.m. the street is excellently lighted. The graded 
frosting of the outer globes in Portland-street no doubt contributes 
largely to the uniformity of the lighting which has been achieved. 1t 
is a simple and effective device, but it is like regulating the speed of a 
steam engine by a brake instead of by the steam admission. It is a 
dioptric method of the crudest kind, and even this requires some 
setting ; it could not be applied on a small globe to an old-fashioned 
arc lamp. After examining these excellent examples of lighting on 
several occasions, I find that, so far as the eye can judge, the uniformity 
of illumination in Princess-street is as good as that in Portland-street, 
and is secured without any partial obscuration. There are two good 
features in the gas-lighted Princess-strcet which are well known to 
electrical engineers, but which have not been adopted in Portland- 
street. The gas lamps are surrounded by large clear globes. The 
large size may be necessary on account of the intense heat, but they 
look well. The small globes in Portland-street have a meagre appear- 
ance compared with these. Small globes are good enough for railway 
goods yards, docks, etc., where appearance is of little consequence, but 
a few shillings are well spent on large globes for first-class street 
lighting, especially when hung so high. "While the maximum candle- 
powers are about the same, the glare, or the distress to the eye in 
looking straight at the arcs, is greater in my opinion than with the gas 
lamps. This was not to be expected ; for though the mantles them- 
selves, which have a high intrinsic brightness, are visible through the 
clear glass, the globes of the arcs seem to be of a practically uniform 
brightness, and of a larger area than that of the group of gas mantles. 
The lesser glare of the gas seems to be due to the use of a white 
reflector. Glare was the subject of a paper read before the Illumi- 
nating Engineering Society by Dr. J. H. Parsons in 1gro, and was 
followed by a long discussion on two evenings, and by communications 
from many writers on the Continent. The definitions of glare were 
bewildering in diversity, and the explanations were complicated, but 
one practical fact was brought out by Mr. W. R? Cooper and by 
Mr. Haydn Harrison. “А lamp against a black background gives a 
greater sense of glare than the same lamp against a white wall." The 
small arc-lamp globes in Portland-street are seen against a dark sky or 
the even blacker buildings. If large white reflectors were used the 
painful glare would be reduced. The reflectors would be of little use 
in the sense of reflectors, for very little light is sent upwards. No 
mathematics are wanted in designing them. The two conditions are 
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that they should be illuminated, and that they should present as large 
a surface as possible to the eye. If slightly conical, with the base 
downwards, they would be more brightly illuminated, but would cast 
shadows on the buildings and would not present so much surface to 
the eye. With the base upwards more surface would be visible, but 
the illumination would be less. A flat disc of white enamelled iron 
would probably be as good as anything ; the only limit to the diameter 
would be the tendency to swing in the wind. The lighting in the 
important thoroughfare of Piccadilly is excellent, and that in Albert- 
square is worthy of its situation and enables the drivers on the taxi-cab 
stands to read their newspapers with ease. 

Mr. W. R. CooPER (communicated): | should like to support the 
authors in questioning the desirability of measuring the horizontal 
illumination of streets on a planc 3 ft. 3 in. above the ground level. 
The only reason for adopting this particular height seems to be that it 
is practically equivalent to one metre; but I know of no reason why one 
metre should be particularly favoured. The authors also take a height 
of 5 ft., which is rather inconsistent. A pedestrian in a street requires 
a certain horizontal illumination at the street surface so that he may 
avoid obstructions. Illumination is also required at higher levels, for 
seeing door numbers or vehicular traffic, but it is the vertical illumina- 
tion that is then useful. It would be much more rational, thercfore, 
to reduce all measurements of horizontal illumination to the street 
surface. The measurement of vertical illumination may give useful 
information, but this suffers from the inherent defect that generally it 
can only be measured so as to include light from one direction. 
Another point to be borne in mind is that if a given height, such as 
3 ft. 3 in., is taken, this has a greater influence upon results with short 
poles than with high poles. At a considerable distance from a pole 
the horizontal illumination varies approximately as the height of the 
pole ; consequently the apparent minimum is reduced as the height of 
the plane of reference is increased. This reduction will have a greater 
effect with short than with high poles, and will render the results not 
truly comparable. For example, the difference between taking mid- 
illumination with 20-ft. poles spaced 150 ft. apart, (1) at street level and 
(2) on a plane 5 ft. above the ground, assuming that the candle-power 
is the same in the two directions involved, is a diminution of 20 per 
cent by the use of the plane. On the other hand, immediately below 
the lamps the reference plane gives an increase of nearly 8o per cent. 
Thus the ratio of maximum to minimum illumination becomes much 
exaggerated, and this to a variable extent depending upon the height of 
the plane and the height of the poles. I do not quite understand why 
no difference is apparent at the mid-point of the authors' diagrams. 
For indoor measurements there is something in favour of a height of, 
say, 2 ft. 6 in., the height of an ordinary table. 

From the point of view of using clear globes, the shape of the 
economizer shown in Fig. 3 is not good. I should like to know if any 
attempt was made to alter this. Presumably its position in relation to 
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the arc was not changed. It is noticeable that the illumination curves 
in Fig. 7 are very smooth. As there was apparently a good deal of 
variation of illumination it would be interesting to know how long was 
required to obtain an average result. I scarcely think the Purkinjc 
effect can cause any error in the illumination measured. It does not 
seem to play a part unless the illumination is as low as уу; foot-candle, 
and Mr. J. S. Dow has given figures indicating an even lower limit. 
Table II gives a comparison of penetrating power by a reading test. 
It is not clear, however, what criterion has been taken. The first 
essential would be that the lamps should be of equal candle-power (or 
corrections introduced), and that they should obey the inverse square 
law. Perhaps the authors could give some further information in 
regard to the basis here adopted. 

Mr. C. A. BAKER (communicaled) : In regard to the central suspen- 
sion which the authors advocate, it was found in 1887, in connection 
with the street lighting of Milan, that equivalent illumination could be 
obtained with 30 per cent fewer lamps when a central position was 
secured than with the usual arrangement of lamps fixed along the edge 
of the footways. The public electric lighting of Milan was all carried 
out on this system at that date, Turin and other cities following the 
lead. As to the use of inner globes, some kind of diffuser is essential ; 
with small arc lamps no doubt the diffusion should be done as close to 
the arc as possible; with more powerful lamps it is perhaps equally 
permissible to use a clear inner globe and an outer diffusing globe. 
The dioptric patterns are usually rather expensive to buy and difficult 
to kecp clean. I cannot help thinking that the height adopted, viz. 
27 ft. 6 in., is still too great, and that a better effect might be obtained by 
reducing this height with some further modification of the over-reflector. 
I have found that metal filament lamps offer so many advantages for 
street lighting that it has been practicable to replace a large number of 
arc lamps with them. As further advances are made in improving 
metal lamps and reducing their cost, I am of opinion that future street 
lighting will be influenced by the increased use of metal filament 
lamps rather than of arc lamps; for any new scheme of public 
lighting, except for very wide thoroughfares, the merits of the metal 
lamp should be fully weighed before a system of arc lighting 15 
decided upon. 


DISCUSSION BEFORE THE MANCHESTER LOCAL SECTION ON 
25TH FEBRUARY, 1913. 


Dr. E. ROSENBERG: After seeing Portland-street and Princess- 
street there can be no doubt that the electric lighting is far preferable 
to the high-pressure gas lighting shown there ; and it is to be hoped 
that electricity will in consequence be much more extensively used for 
street lighting in Manchester. I believe, however, that due to the 
competition between the rival illuminants both the elcctrical engineer 
and the gas engineer have tried far too much to provide a “ brilliant” 
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light. It is not only in the strects of Manchester, but also in London 
and all over the world where competition exists between clectricity and 
gas, that the aim of the street-lighting authorities seems to be merely 
to bring before our eyes street lamps giving thousands of candle-power. 
The lighting which one generally sees, not only in the streets but also 
in houses and workshops, gives one the impression that the knowledge 
of the principles of illumination is still very restricted ; and therefore a 
competition for street lighting based on the brilliancy of the lamps is 
not setting a good example. Our grandparents knew that glare was 
bad for the eyes, and that things on the table could be seen better at 
night when a shade was put over a candle. If the photometer had 
been known at that time perhaps they would have been scared, just as 
illuminating engineers are to-day, at the great loss of radiation if the 
rays from the candle were shut off in one direction. I think we use the 
photometer too much. It does not show what our eyes see. The 
authors state on page €07 that the conception of the intensity of illumi- 
nation by the human eye follows a logarithmic law. Thus, if a certain 
illumination appears to us, say, as unity, an illumination 1,000 times 
stronger perhaps gives an impression of only being 10 times strongcr. 
If, therefore, the thousandfold strength of rays are directed into our 
eyes, and we see at the same time another object having perhaps an 
illumination ro times unity, our eyes with their narrow pupils do not 
see this as ro times, but perhaps only as one-hundredth of normal 
illumination, which means that it appears absolutely dark. The only 
consolation electrical engineers have is that the glare of the gas lamps 
is still worse than that of the electric lamps, because gas engineers do 
not seem to be endeavouring in the least to diminish the glare. This 
competition reminds me of a letter of James Watt, reporting on one 
of his early steam engines, wherein he said— 


“The velocity, violence, magnitude, and horrible noise of the 
engine gave universal satisfaction to all beholders, believers or 
not. I have once or twice trimmed the engine to end the stroke 
gracefully and to make less noise, but Mr. Wilson cannot sleep 
without it seems quite furious, so I have left it to the engine 
men ; and, by the by, the noise seems to convey great ideas of 
its power to the ignorant, who seem to be no more taken with 
modest merit in an engine than in a man." 


I believe we have also to learn this modest manner in street lighting. 
'The knowledge of illumination undoubtedly exists. We can perhaps 
once in a thousand times see a room or a shop window which is well 
lighted and which gives us a comfortable impression because the 
lamps are not visible to our eyes and the things we wish to see are. I 
venture to hope that in future competition between the rival illuminants 
the comfort of the pedestrian will be more considered than is the case 
at present. 

Alderman W. WALKER : The statements of cost given in the paper 
are, from our point of view, superlatively safe. For instance, the cost 
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of supplies for the year 1911-12 is given in Appendix A as £447,498, 
whereas in the Abstract of Accounts of the Electricity Department ! 
find the actual amount is £407,998 ; and if £24,500, the sum given in 
aid of rates, be added there is still a margin of £15,000. In Manchester 
only 0'23 of a unit per head of population is used for public lighting. 
whilst at the other extreme we have Edinburgh with 6 units per head 
of population. Somewhere between these two figures is a consumption 
which we ought to get. On page 610 the authors enumerate the 
practical advantages of electric lighting by arc lamps, and to their list I 
would add “ reliability." In the report of the two experts on the instal- 
lation under review Mr. Abady mentioned as one advantage of the gas 
lamps “ freedom from involuntary extinctions.” Unfortunately for him 
the report contains the date and the duration of every failure noted 
during the two months when the tests were being carried out; the 
failures are as follows :— 
Gas Lambs. 
16th June, No. 2 Lamp out 20 minutes. 


1th ,, No.2 " 60 5 
23rd „ No.3 " all night. 
21st July No. 4 ss » 

Arc Lamps. 
14th June, No. 4 Lamp out 80 minutes. 
roth July, No. 5 » 20 5 


Mr. Abady also says “for the purpose of comparison all the arc lamps 
were observed." This means that 16 arc lamps, 8 of which burnt all 
night, are compared with 4 gas lamps which are extinguished at 
II p.m. The 4 gas lamps showed 4 failures, 2 of which were total, 
against only 2 failures of the arc lamps; yet Mr. Abady calmly asserts 
that one advantage of gas lighting is freedom from involuntary failure. 
A result of these competitive installations will be to make electric 
supply authorities assert themselves in this matter of street lighting. 
We in Manchester have been told that, because the makers of gas 
lamps publish wonderful results, obtained at a place unknown, at à 
date unrecorded, and under conditions not specified, that the matter 
was settled for all time ; and electrical engineers have been relegated 
to a perpetual back seat. The installation under review was thc Gas 
Committee's own choice, both as regards location and terms; they 
have been well beaten, and as a result a large share of the street 
lighting must come to us. 

The penetration of fog by the rival illuminants was a point 
about which considerable doubt existed. I know that prior to the 
tests one of the gas journals called attention to this supposed defect of 
the arc lamps, and stated that during a fog darkness would exist in 
the streets where the arc lamps were installed. We have found that 
under the weather conditions named, Portland-street, with its lamps a 
greater distance apart than the gas lamps in Princess-street, is much 
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better illuminated than the latter street. Personal observation will 
verify this statement. The authors ask us to agree that uniform 
lighting is flat and uninteresting. If they mean uniformly graded 
lighting, I do not agree with them, as I object to areas of different 
light densities within the same radius. Personally the polar curve 
shown in Fig. 18 is the one I prefer. It is, in my opinion, better 
for securing the desired effect than the one given by the combination 
ultimately adopted. It shows very clearly that an even gradation of 
light can be obtained with that particular combination of globes. I 
would ask the authors to tell us if they have taken into their calcu. 
lations of cost anything for the low-pressure gas used in the by-passes 
of the high-pressure lamps ; this ought to be done. I believe in West- 
minster it was about 4s. per lamp per annum. The cost of the instal- 
lation per mile of street is one which will cause street-lighting 
authorities to weigh carefully the advantages of arc lamps. I wish 
there could have been included in these tests a short length of secon- 
dary street with metal filament lamps. I am sure that at an early date 
there will be in this city a good example of this style of lighting for 
comparison with low-pressure gas lighting; and with the result of 
such a test added to that in the paper, the latter will be referred to as a 
standard on street illumination. 

Mr. Н. К. BURNETT: Only those who have had experience of 
photometric work, and more especially of street photometry, can fully 
appreciate the enormous difficulties which crop up in connection with 
this work, and I feel sure that this paper will be referred to for a long 
time to come as a standard work on this subject. There are only one 
or two points which I should like to criticize. With regard to the 
costs ; in Appendix C we have the annual costs, and I should be glad 
if the authors would give us a little more information on these. For 
example, trimming and maintenance are given as costing 16s. 8d. per 
annum for 4,000-hour arc lamps. This is certainly a remarkably low 
figure. Assuming that the lamps burn for 65 hours per trim, it works 
out at 3°25d. per trim. This strikes me as being a low figure to cover 
wages of men alone, but in addition there must be other repairs and 
maintenance charges, and I should like to know over how long a period 
this figure was obtained. On page 614 the comparative costs of the 
gas lighting and arc lighting are given. The cost per mile of strect 
per annum is given as £254 for the arc lighting, which figure is 
apparently based upon £6 ros. 8d. per lamp per annum (Appendix C). 
It must be remembered, however, that this does not include any 
capital charges, and is only for lamps burning until 11 p.m. If the 
capital charges are added, the cost of all-night lighting calculated 
upon the authors' figures, which are of course much lower than would 
be obtained in most towns, amounts to £500 per annum per mile of 
street. This leads to the important questions : What towns can afford 
to spend this amount of money on lighting even the more important 
streets? Have not the authors gone too far in fixing 0*5 foot-candle as 
the minimum illumination? Is it not more than is really necessary, 
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and more than we can afford? It must be remembered that if wc 
light our main streets to this extent, we must raise the standard 
of illumination of all side-strects running into them. In connection 
with the capital charges, I notice that onlv 84 per cent is allowed for 
interest and depreciation. This appears to me to be quite inadequate, 
but there is doubtless some explanation. The point Alderman Walker 
has raised in connection with secondary street lighting is important, 
and I hope Mr. Pearce will soon carry out some experiments in the 
lighting of such streets and present the results in a similar manner to 
that in which he has given those for arc lighting. There is a certain 
minimum illumination at which metal filament lighting becomes 
cheaper than flame arc lighting, and from calculations which I have 
made, based upon the costs given in the paper, I am of opinion that 
for minimum illuminations of less than o'1 foot-candle, metal filament 
lighting must be resorted to. 

Mr. A. ANGOLD : The authors have given a very good explanation 
of how they arrived at the best globes for the purpose, but they do not 
tell us very clearly about the design of the globes for what they call 
defracting purposes, but which I call reflecting purposes. I do not 
think raising the fittings g in. produced all the improvement. The 
change from one globe to another had a lot to do with it. I should 
like to explain how it is that the new globes boost the light up at the 
angles of 15 deg. and 20 deg. The glass, although clear, has a con- 
siderable reflecting power. Now if the glass can be so shaped that the 
inside of the globe acts like a mirror in a searchlight (and the curves 
of the globes, both inner and outer, are designed on these lines), a beam 
is reflected by the inner globe in this particular instance along the 
20-deg. line, and another beam from the outer globe along the 15-deg. 
line. Comparing this with the old inner globe it will be seen that each 
ray of light striking the flat surface of the inner globe must go off ata 
corresponding angle, and the reflected light is not concentrated in any 
way. Reflections on the inner surface of the gas-lamp globes are 
referred to, but the authors neglect to mention it in connection with 
the new arc-lamp globes. In regard to the glare from the clear globes 
shown in full lines in Fig. 3, I do not think this should be very 
noticeable in looking at the globe anywhere between 35 deg. and the 
horizontal, because of the fact that at those angles so much light 15 
coming from the surfaces of the globes. On looking at the arc lamps 
in Portland-street or Piccadilly it will be scen that there is a cone of 
light from top to bottom of the globes between 30 deg. and say 10 deg. 
After all, 35 deg. is somewhere about the average height of the sun at 
midday. To look up at an angle of 35 deg. means quite a noticeable 
raising of the eye, and “the man in the street” does not often lift 
his eye to that angle. The graded frosting referred to is a very good 
idea. I do not know whether success has now been arrived at im 
getting these globes made with a graded flashing, but 1 do not think 
that the frosting or etching will be permanently satisfactory, because 
all frosted globes tend to take up dirt, and the frosting spoils the effect 
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of the reflection I have mentioned. I should like to know what type 
of globe has been finally adopted. In regard to the splash of light 
from the dioptric globes at about 8o deg., the authors suggest that it is 
from the hole in the bottom of the globe, but as a matter of fact a 
light from an arc of the power discussed would not be strong enough 
to give 6,800 c.p., especially as it has to pass through an outer globc. 
I think it is due to some reflections inside the prisms. 

Dr. T. ZETTEL: Arc lamp manufacturers are not usually in a posi- 
tion to carry out street-lighting tests under practical conditions, and if 
Corporations like Manchester take over this work for the manufacturers 
it must be in the interests both of manufacturers and users. No doubt 
similar tests have been carried out by other Corporations, but in no 
previous instance have all the results been published. It is only 
recently that the design of arc-lamp globes has received serious atten- 
tion or that an endeavour has been made to design them scientifically ; 
in order to further developments of this kind the authors' tests and 
results are highly encouraging. I should like to ask whether any 
special attention has been paid to the state of the globes when the 
tests were taken—whether they were dirty or cleaned before the tests, 
or whether they were taken under ordinary operating conditions. Ex- 
periments have shown that a great difference is found in candle-power 
figures taken with clean globes and with globes which have been in 
service for two or three days. I should also like to know whether the 
experiments with gas lamps have been treated in the same way. 
Variations have been found due to the position of the photometer 
relative to the carbons, and it would be very interesting if the authors 
could give us results with different relative positions of the photometer 
to the carbons. No particulars are given concerning the type of 
reflector used ; such information, however, even if furnished at a later 
date, would be very interesting to everybody engaged in street 
lighting. 

Mr. E. M. HOLLINGSWORTH : Some time ago we abandoned arc lamps 
in favour of metal filament lamps, and I must say that with the latter 
we have obtained a more even illumination. I was therefore interested 
to hear from Alderman Walker that there is a possibility of having at 
an early date a paper by the authors on street lighting with metal fila- 
ment lamps. Such a paper would be of still more interest than the 
present one on arc lighting. From my experience with metal filament 
lighting, we can hold our own in competition with gas lighting at 
ordinary pressures ; but I am afraid, from the figures given in the 
paper, that the metal filament lamp will not compare as favourably as 
the arc lamp when in competition with high-pressure gas. ‘The manner 
in which the authors have arrived at the cost of current for street light- 
ing is of interest to power-station engineers. I should like to know 
how the charge of o'6d. per unit compares with the total cost of 
production. Our charge for current for street lighting is o'62d. 
per unit, and this is in competition with gas at rs. per r,ooo cubic 
teet. 
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Mr. H. T. WILKINSON : On page 599 it is mentioned that the overhead 
system of suspension is used. I do not think that this system is used 
in England as much as it should be—it is used on the Continent much 
more freely. In one instance on the Continent I saw arc lamps sus- 
pended right across a square. That was rather an extreme case, but I 
do not think it was quite as large a square as Albert Square--there 
were no poles in it whatever. Of course in Portland-street it 1s 
obviously the right thing to do, because it is a comparatively narrow . 
street. Lights on side poles, especially if staggered, cause a moving 
object to cast shadows varying in intensity and moving around the 
object in its progress from lamp to lamp. In these days of fast 
vehicular traffic, it is more and more necessary to suspend the lamp: 
centrally over the roadway itself. Mr. Pearce says that Portland- 
street is a very unsatisfactory street to illuminate. Anyone who knows 
Portland-street must agree, and I should like to ask why this street 
was chosen, as I cannot understand why such an unsuitable street 
should be chosen for a test. I should imagine that the choice was 
made by the Gas Department. I do not agree with the authors in the 
last paragraph of the paper. Perfectly uniform lighting may be flat 
and uninteresting, but we are not likely to get anywhere near that 
state of artistic imperfection ; and I think that the most even illumina- 
tion possible should be aimed at for the reduction of shadows, and to 


increase the apparent efficiency by enabling the pupil of the eve to 


expand and remain so all the time. The question of glare is also 
important, but not easily overcome if maximum illumination is to be 
obtained at least cost. Dr. Rosenberg was very severe, but he did not 
suggest any practical solution of the problem. The height of thc 
lamps in Portland-street overcomes this, unless one wilfully looks at the 
arc itself at a distance, and then the distance itself reduces the effect. 

Mr. A. А. KoprPEL: The arc lamps in Portland-strect are too 
brilliant ; they might be useful for advertising purposes but unsuitable 
for street lighting. I agree with Dr. Rosenberg that glare should be 
avoided, and that a scientific basis of lighting is important for the 
public well-being.  Yellow-flame arc lamps should not be used for 
street lighting. For equal distribution of light, and for reducing the 
dark shadows complained of by the authors, three 200-watt metal 
filament lamps in a single fitting would be more suitable. The 
experiment would be worth trying of having units of 3,000 to 4,000 С.р. 
at heights of 100 ft. from the ground with special reflectors and suit- 
ably spaced. This system could of course not be employed in narrow 
thoroughfares unless the buildings were whitewashed, and where metal 
filament lamps as suggested could be adopted. 

Mr. R. С. CuNLiFFE: Fig. 8 and similar figures show by shaded 
areas the light distribution on the road surface. Does the photometer 
show abrupt changes as indicated in these figures? Visual examina- 
tion often indicates almost identical results. Observers standing at 
the intersection of Portland-street and Princess-street and observing 
first the clectric and then the gas lamps are unable to detect any great 
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difference in the effects produced by the lamps on the eye. Visual 
tests are therefore not sufficiently delicate to distinguish between the 
lamps as regards intensity of illumination. Dr. Rosenberg referred 
to the effects of glare, but those who have to drive in the above 
streets express great appreciation of the centre lighting as carried out 
by the authors and as compared with side lighting, in which case 
the lamps invariably throw a distracting glare in the eyes of drivers of 
vehicles. The average street gas lamp is placed at a great disadvan- 
tage owing to its comparative proximity to the eye as compared with 
the suspended centre lights. In Piccadilly there are three rows of 
street lamps, and the high-power gas lamps on the island platforms are 
placed too low, as their excessively glaring mantles are within only a 
few feet of the eyes of passengers on the upper decks of tramcars. 
This portion of the city should present a good opportunity of lighting by 
suspended lamps. The penetrating power of the light from different 
lamps can be tested by observing the distance at which the light 
becomes invisible to the eye. "Tested by this method in foggy weather 
the arc lamps are found to be far more penetrating than the gas lamps. 
One effect of central lighting by suspended lamps of high illuminating 
power is the inevitable speeding up of street traffic due thereto. The 
value of good lighting cannot be overestimated in the interest of the 
drivers of high-power and high-speed vehicles, and I attribute much 
of the congestion at night-time to the slow and cautious driving due to 
inability of the drivers to obtain a clear view of the roadway for a fair 
distance ahead of their vehicles. 

Mr. A. WILKINSON : I am of the opinion that the new type of globe 
has a fixed focal point, and that care must be used in fitting them to 
the spinnings. If in drawing up the net wires one side is pulled 
tighter than the opposite side, the globe will be canted out of the 
centre line. This will alter the angle at which the light rays strike 
the inner surface of the globe, the resulting cffect being to deflect the 
rays on one side upwards and on the opposite side downwards. The 
shape of the polar curve is thus altered. The ro-deg. to 20-deg. 
rays are direct and will not be affected by the canting. The 40-deg. to 
80-deg. rays, however, are entirely reflected, and it is important that 
these should not be distorted. As this is a most important point, I think 
some consideration should be given to it by globe manufacturers and 
designers. I have also found that globes with necks are preferable 
to those without. In regard to the use of reflectors, I do not think 
that the use of those mentioned by the authors would be successful, 
owing first to the arching effect, and also to the further difficulty that 
with the type of lamp used in Portland-street the carbons are fed 
alternately from the right and left of the vertical centre line of the 
lamp and its globes. The arc is thus burning about } in. out of 
centre, and the shadow of the lower part of the frame and ash con- 
tainer is projected on the ground eccentric to the centre line of the 
lamp and ground. On the arc changing over to the incoming carbons, 
the shadow is then projected to the opposite side of the centre line, 
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and as this is repeated every five hours it will be a difficult point with 
which to deal. 

Mr. P. P. WHEELWRIGHT: I think that, for main-street lighting, 
the gas supply is very clearly and fairly shown to take second place 
compared with electricity. In these days of motor traffic the main 
thoroughfares are becoming more like railway tracks, and decidedly 
more dangerous, therefore the lighting must be improved to ensure 
the safety of the public; in addition to this, well-distributed and 
attractive lighting is an asset of considerable value to a town. For 
instance, in Blackburn, where people from surrounding districts regu- 
larly come to do their shopping, it is an acknowledged fact that the 
better-lighted thoroughfares are the more attractive. I am of opinion 
that the main streets should be brilliantly and well lighted, and that 
the warmer the colour the better the general effect. 

Mr. T. А. LockE : With regard to the usual methods of measuring 
illumination by photometer tests, the difficulty of obtaining uniform 
results is well known. Owing to the personal element and the depend- 
ence upon individual visual organs, little reliance can be placed upon 
the measurements. Having also realized how difficult it is, especially 
for the layman, to comprehend the meaning of polar curves, I have 
for some time been experimenting with a view to obtain a method 
which gives results capable of accurate repetition. By the use of a 
standard photographic plate in an ordinary camera, light from the 
illuminating source being allowed to fall upon a standard medium of 
special form, and the plates being exposed and developed under 
standard conditions, it is possible to obtain results showing exactly 
how the intensity of illumination varies at different angles and dis 
tances from the light source, errors due to the personal element thus 
being eliminated. By the. use of a plate graduated to represent foot- 
candles at different distances from the light source, it is possible to 
take definite readings from the photographic record made under 
standard conditions and to have the record permanent. The great 
advantage of this method is the elimination of variations in the inten- 
sity of thc light due to fluctuations of voltage, and in arc lamps also 
due to slight variations in the quality of carbons causing flickering, 
because the observations recorded will bc the summation of the means 
of the instantaneous illuminations instead of the approximate instan- 
tancous values as with the ordinary visual photometer. I have used 
this method for illustrating the distribution of illumination from carbon 
and metal filament lamps, and find it of particular advantage in demon- 
strating the applications of various forms and makes of shades and 
reflectors, the layman usually being able at once, without preliminary 
examination and explanation of the scientific character of the records, 
to make a correct choice of the values of the illuminations demon- 
strated. The authors have shown very clearly how they have improved 
the illumination in the direction of the 15-deg. and 20-deg. angles by 
the use of reflectors and special globes, and it seems as though with 
globes and reflectors having different focal lengths, according to the 
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directions in which the illumination is required along or across the 
street, further improvements could be made. The suggestion is that 
globes and reflectors should be elliptical in horizontal cross-section 
instead of being circular. The latter form, in order to give the desired 
effect along the street, also results in an intense illumination on the 
walls of buildings, where it is absolutely useless. This light could be 
deficcted so as to increase the illumination along the street, and if this 
suggestion could be carried out, the further result would be obtained 
of increased economy of lamps and current, for the spacing of the 
lamps could be greater to secure the same foot-candle illumination 
as at present. ; 

Mr. J. W. RECORD: Dr. Rosenberg, in referring to the human eye, 
struck a note which should be taken up by those concerned with light- 
ing problems. It is well known that the condition of the human eye 
in the daytime is different from what it is at night ; and it is not much 
good producing enormous candle-power if the human eye is not enabled 
to see better thereby. I believe that if the verdict of a dozen persons 
were taken, instead of the reading of a photometer, the above point 
would be realized. 

Mr. J. JacKson: I note that the nominal candle-power of the gas 
lamps is given at 4,500, whereas the actual tests show that only half 
this value has been obtained. Is this accounted for by the lamps being 
centrally suspended, thereby resulting in considerable leakage and con- 
sequent drop in pressure? If this does not account for the discrepancy, 
then it is owing to the fact that at some time or other under exceptional 
laboratory conditions the illuminating value of 60 candles per cubic foot 
of gas was obtained, the subsequent method of rating the various units 
being to take the consumption per burner and multiply it by the above 
figure, which of course gives an altogether misleading and valueless 
result. I should like to know if the method of suspending the gas 
lamps by means of span wires attached to the abutting buildings has 
proved satisfactory. I should expect that trouble will result sooner 
or later. If, as mentioned by one speaker, the low-pressure gas supplied 
to the by-passes had not been included, this item may account for any- 
thing between 5s. and ros. per lamp per annum. I also wish to refer to 
the maintenance charges given in the paper. For electric lighting the 
figure of o'osd. per lamp works out at 150 lamps per man; I have 
no hesitation in stating that no man can trim and keep in order 
150 flame arc lamps. Again the figure of 27s. 2d. per lamp per 
annum quoted for the maintenance of the gas lamps is altogether 
too low, and in both cases therefore the charge should be increased 
by at least 50 per cent. 

Professor E. W. MARCHANT : With regard to the absorption of light 
by the globes, some 2 or 3 years ago I made a large number of tests 
on globes, and found that frosted globes absorb a good deal more 
light than might have been expected. It would be very interesting to 
know if the authors have made any measurements of the light absorbed 
by the globes. I should like to ask the authors if a Trotter photometer 
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was tried, i.e. one in which a flat plate is illuminated by the ligh: 
that is being examined. I have found this type of photometer 
very much better than the flicker photometer, which is more trving 
to the eyes than any other type of photometer I have used. Th: 
tests made to determine the distance at which a printed sheet could be 
read was one for which it is very difficult for physiological reasons to 
get even approximately exactresults. The rods and cones of the retina 
which are used at night are different from those used in the daytime— 
their capacity for detecting colour differences is different and their 
sensitiveness is much greater. If the eye is rested to allow this part ot 
the retina to work, the distance away from the lamp at which print can 
be read would be much greater than it would be for the ordinary retina. 
On page 612 there is a statement as to what is called a “ variation 
factor." I hope the authors will change this to “diversity coefficient. 
Many names have been given to this quantity. It was first called a 
“diversity factor” ; later this was altered to “ diversity coefficient ” ; 
but so far as I know “variation factor" is a new term. 

Mr. W. CRAMP (communicated) : There are one or two points in the 
paper to which the attention of Manchester engineers in particular 
should be drawn. The first is the extraordinary effect apparently due 
to the street lighting having been in the hands of the Gas Committee, 
namely the small amount of electric lighting which has been done 
in the streets of Manchester. But there is a more important point: 
I refer to the statement in the paper that 2s. 3d. per 1,000 cubic fect ha 
been charged for gas for street lighting. Considering that the Ga: 
Committee were contributing to the rates, and have even drawn atten- 
tion to their large contribution, it seems scarcely right that some of this 
contribution should have been obtained by charging such a price to the 
community. I think that some public explanation of these facts is due. 
Again, why were the capital charges omitted from the figures for the cost 
of the gas lighting? I should like to know how the series groups of 
electric lamps mentioned on page 600 are connected. Do alternate lamps 
belong to different series, or not? The definite statement as regards 
light rays in fog on page 619 is very interesting, but it does not appear 
quite to accord with the experience of lighthouse authorities. I think 
it is unfortunate that some statement is not included as to the use of 
high candle-power metal filament lamps for street lighting. І know 
these have been used in Shrewsbury-strcet. What is the result? 


DISCUSSION BEFORE THE BIRMINGHAM LOCAL SECTION ON 
12TH MARCH, 1913. 


Мг. R. A. Снаттоск : The figures in the paper demonstrate that 
high-pressure gas lighting is considerably more costly than arc lighting. 
Thus, the cost of the high-pressure gas lighting amounted to £11 95. 24d. 
per lamp per annum, without including anything for interest and depre- 
ciation on the capital spent on the installation and without globe 
renewals while the cost of the arc lighting was £11 7s. 8d. per lamp рег 
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annum, including all capital and other charges. In Birmingham practi- 
cally the whole of the street lighting is carried out by low-pressure 
incandescent gas mantles, and this is now under the control of a special 
Lighting Committee. There is a small amount of high-pressure gas 
lighting in the centre of the city, but this is really only for demonstra- 
tion purposes by the Gas Committee. In the Handsworth and Aston 
arcas, which were recently incorporated in Greater Birmingham, there 
is also a small amount of arc lighting, which was taken over and is 
controlled by the Electric Supply Committee, being paid for by thc 
Lighting Committee. Thisarc lighting has recently been considerably 
cheapened in cost, and it may be of interest if I explain how this was 
done, and what effect it has had. Taking the Handsworth district as 
an example, there were originally 120 open-type r1-ampere arc lamps 
which required recarboning every 18 hours. These were replaced by 
50 magazine flame arc lamps taking 8 amperes cach, and requiring re- 
trimming every 70 hours, and also 70 twin-carbon flame arc lamps 
taking 7 amperes each and requiring retrimming every 50 hours. The 
accompanying table gives particulars of the consumption of energy. 
illumination in foot-candles, and cost of current, carbons, and trim- 
ming, the lamps being spaced approximately 400 ft. apart. The 
8-ampere magazine flame arc lamps showed a saving of 25 per cent in 
running costs, and gave approximately four times the amount of 
light furnished by the old open-type lamps, each lamp costing £5 2s. 
per annum for current (at Id. per unit), carbons, and trimming, the 
burning hours being from dusk to 11'15 p.m. The 7-ampere twin- 
carbon flame arc lamps showed a saving of 30 per cent in running 
costs over the rr-ampere open-type lamps, and gave over twice the 
light, each lamp costing £5 per annum for current (at id. per unit), 
carbons, and trimming, from dusk up to 11°15 p.m. 

After the arc lamps are switched out at 11.15 p.m. two 50-c.p. 
metal filament lamps are switched on in each post and are run until. 
daylight. The cost of these metal filament lamps is not included in 
the above table. In connection with Fig. r4 reference is made to 
the rather pronounced shadows caused by the ash-trays; the same 
disadvantage was noticed in Birmingham in connection with the 
lamps fitted with converging carbons. It was found, however, that 
with the twin-carbon lamps fitted with vertical carbons no difficulty 
of this kind was experienced. 

Mr. E. CROcKER: The great problem in connection with street 
lighting appears to be to make what the authors term the “ variation 
factor” as small as possible, and to make the change from mari 
mum to minimum illumination as gradual as possible; and to do 
this nof regardless of cost. It is of course quite easy to obtain 
uniform illumination by multiplying the number of lamps, but 
with a given number of lamps (as we found at Handsworth when 
this district became part of “Greater Birmingham ") it is obvious 
that by increasing the candle-power, although the illumination over 
the whole lighted area is increased, the variation factor will remain 
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the same, and the areas of minimum illumination with the higher 
candle-power lamps appear to the man in the street much darker 
than they really are, by contrast with the more intensely illumi- 
nated parts. Hence the importance of improving the distribution. 
In this connection the design of the globes plays a most important part. 
We have experimented on much the same lines as the authors, with very 
similar results. We have not, however, tried frosted globes, and it is 
with these the authors have obtained their best results, which are very 
striking. For example—turning to Table III—with clear inner and outer 
globes and with opalescent outer globes the authors obtain variation 
factors of 8:53 апа 758. In our experiments the variation factors were, 
of course, higher, in consequence of our lamps being twice the distance 
apart ; but at the same distance as that at which the authors have taken 
their minimum measurements, viz. 60 ft. from the lamp, we obtained 
variation factors varying from 6:9 to 9. The authors’ figure of 3°75, 
obtained with frosted globes, is therefore an enormous improvement. 
From tests which I made of the gas lighting in Bristol-road, the varia- 
tion factor was as high as 18 over a distance of only 20 ft. from the 
lamp-post. 

I quite agree with the authors remarks re outside reflectors, and 
with the importance of illuminating the buildings at the sides of the 
road. While making our tests we heard plenty of remarks from the 
man in the street, and while we were experimenting with these reflec- 
tors the general opinion was most unfavourable. With the space above 
the lamps darkened, and the buildings at the sides of the road in shadow, 
the general effect was not at all pleasing, although the thoroughfare 
itself was well illuminated. With regard to shadows underneath the 
lamps caused by the ash-tray, while experimenting with various types 
of lamps the entire absence of this shadow in the case of one make was 
very noticeable, in fact, the space immediately underneath the lamp was 
the most brightly illuminated of the whole area ; although there was an 
unusually large mass of metal just under the globe, yet there was no 
shadow at all, and thc variation factor with this lamp, which was fitted 
with a clear cylindrical inner globe and spherical opalescent outer, was 
lower than that of any other make. This particular flame arc lamp had 
only one pair of carbons fixed vertically, as in the ordinary open-type 
lamp ; the bottom carbon was made the positive, and it burned with a 
long arc, about гіп, {о 112 in. I am not advocating the use of this lamp, 
but merely mention it to call attention to the absence of shadow. 

It is most important to aim at steadiness in street lighting ; this is 
the most noticeable feature of high-pressure gas lighting, although, as 
the author remarks, the candle-power varies considerably from day to 
day. There is no better way of testing the steadiness of the light given 
by any lamp than by taking photometric measurements ; variations quite 
unnoticeable by the man in the street are then easily apparent. When 


testing some of the arc lamps which we have had on trial at Hands- - 


worth I have been able to obtain a balance almost, if not quite, as 
readily as with gas lamps. ‘The steadiness of arc lamps depends very 
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largely on the nature of the feeding mechanism, and I have found that 
lamps with direct electrically-driven feeds give the steadiest burning. 
By a direct electrically-driven feed I mean one in which the feeding 1- 
effected by an-auxiliary shunt coil, which comes into action when the 
pressure across the arc rises above the normal, so regulating the fecd 
that the pressure drop across the arc varies not more than one volt, thv: 
maintaining steady burning ; whereas with a slip feed, which depend: 
upon the slip of a chain or band brake, or piece of metal on a wheel 
controlled by a lever operated by a main and shunt coil, it is impossible 
to depend upon a one-volt feed ; generally the variation is two or three 
volts or more, and this affects other lamps in series, especially if these 
are themselves on the point of feeding. There appears to be a tendency 
on the part of the makers of magazine lamps to design lamps so as to 
accommodate as many pairs of carbons as possible, in order to increase 
the burning hours per trim. There is a limit to the advantage of this. 
One sees lamps advertised to burn 130 and even 200 hours without 
retrimming. My experience with flame arc lamps is that they require 
cleaning and the deposit from the carbons brushing out at least after 60 
to 7o hours’ burning, and if the lamp has to be lowered for this purpose 
it may just as well be carboned at the same time. Another important 
point with regard to the choice of magazine lamps for street lighting is 
that there should be no extinction of light when a new pair of carbon: 
comes into operation. There are some excellent lamps on the market 
which have this defect, and although the makers state that the period 
of extinction does not last beyond two or three seconds, I have known 
it extend to from 15 to 18 seconds. 

With regard to the flicker photometer, this certainly has an advan- 
tage over other forms as regards difficulties of measurement owing to 
difference in colour between the illumination from the standard lamp 
and that from the lamp under observation, but, as the authors say, the 
continual use of this instrument puts a great strain on the eyesight. My 
observations of the illumination were taken on the ground level. The 
instrument was of the size of an ordinary hand camera, and was used in 
conjunction with a test card of dull white celluloid. The scale on the 
instrument, which is graduated in foot-candles, is standardized in the 
laboratory by illuminating this card to a known value. The card can 
then be put down on the ground at any point where it is desired to 
measure the illumination. I consider all street photometer measure- 
ments are more valuable as a comparison of the illumination from 
different sources than for absolute measurements of intensity. In this 
respect I do not think we can look for accuracy beyond about 5 pet 
cent. It is gratifying to know that we are able to battle success 
fully against high-pressure gas. In respect of illumination we can 
compete favourably by means of high-candle-power. metal filament 
lamps, but as regards illumination and cost I think there can be little 
doubt that it is the flame arc lamp that will give us the victory. 

Mr. M. SoLomon : With regard to the contour figures on pages 611. 
612, 615, 616, and 618, I would point out that if Fig. 8, which relates to 
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the arc lamps in Portland-street, is casually compared with either Fig. 9, 
which is for the gas lamps in Princess-street, or Fig. 10, which is for 
the gas lamps in Mosley-street, one gets the impression that the general 
illumination produced by the gas lamps is as good as, or better than, 
that due to the arc lamps. As a matter of fact, however, the shading 
is different in the two sets of figures, the unshaded portions of Fig. 8 
representing an illumination of 1 foot-candle or over, whereas in Figs. 9 
and ro the unshaded portions only represent an illumination of o5 foot- 
candle or over. Again, the:comparative table on page 614 shows the 
arc lamps to be, roughly speaking, twice as good as the gas lamps ; 
but I think it was admitted that the gas-lamp figures are not really 
representative of the best that can be done with high-pressure gas 
lighting. Mr. Abady in his report claimed, I believe, that they were 
only about half as good as could be obtained ; and even Mr. Harrison 
subscribed to the opinion that the gas lamps were not as good as they 
might be. I only emphasize this point as I do not think that it is of any 
benefit to create the impression that arc lighting has a walk-over as 
against high-pressure gas, when, as a matter of fact, I believe it is, and 
will be for some time to come, a very close race between the two 
rival illuminants. With regard to the method of obtaining suitable 
distribution curves by graded írosting applied to the outer globe, 
I should like to point out that it would appear from the passage 
on page 603, dealing with the subsequent alterations to the lamps, 
that improvement in the distribution curves (apart from that due 
to the graded frosting) is attributed to the alteration of the spinnings 
and of the shape of the outer globe. Asa matter of fact the shape of 
the inner globe was also altered, and a very considerable amount of the 
improvement in the 20-deg. rays is due to this alteration, as the new- 
pattern inner globe was one designed so that the light reflected from its 
inner surface should be reflected at an angle of 20 deg. with the hori- 
zontal. I read before the Institution last year a paper on “ Yellow 
Flame Arcs," * in which I published a number of light-distribution 
curves. One curve was, I believe, for practically the same lamp as the 
curves in Fig. 13 of this paper. I have been impressed by the very 
close correspondence between the curve obtained by the authors and 
myowncurve. As my curve was obtained under laboratory conditions, 
and theirs under working conditions in the street, it is interesting to 
note this confirmation of my results, as it not only confirms the accuracy 
of both sets of readings but also shows, I think, that flame lamps and 
flame lamp carbons are now so standardized that the results obtained 
may be relied on with considerable certainty. I am also interested to 
note Mr. Crocker's remarks that it is not advisable to overload the 
magazine with carbons in order to obtain longer burning hours with 
one trim. I deduced the same conclusion from a series of experiments 
described in the paper alreadv referred to, and it is of interest to 
note that this conclusion is confirmed by results obtained in actual 
practice. 


€ Fournal of the Institution of Electrical Engineers, vol. 49, p. 737, 1912. 
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Mr. A. M. TAYLOR: I think the most important part of the paper, 
from the point of view of the man in the street, is the table on page 614. 
which comprises a résumé of the principal features, such as candle- 
power of lamps, running costs per lamp per hour, running costs per 
1,000 c.p.-hours, minimum illumination, etc., for gas and electricity. 
I suggest that to the items given might be added the variation factor 
for the two systems, and I suggest an additional basis for comparison, 
which also might be added to the table, and which might be called the 
“ Maximum variation of foot-candles per foot run." As regards the 
cost of current, I think that the gas people cannot and should not take 
any exception ќо: the division of the total costs, viz. £447,498, into 
"running costs" and “fixed costs" of £87,431 and £360,067 respec- 
tively, neither do I think that they can take any exception to the deduc- 
tion of £25,078 and £84,311 respectively (see page 631) from the above 
figures on account of the cost of traction supplies included in the pre- 
vious figures. A committee of experts has decided on this particular 
method of computation, and electrical engineers are surely the ones to say 
what is the correct way of charging for electrical energy. The authors 
have, however, carried the distribution a little further, and allocate a 
certain proportion of the above £275,756 (£360,067- £84,311) to lighting 
and to power in the proportion of £147,371 and £128,385 respectively. 
This again is a point on which electrical engineers are fully justified in 
contending that their own methods of computing fixed charges are 
correct. Exception, however, has been taken to that method, and I have 
therefore worked out what the fixed charge would be if the whole £275,756 
had merely been divided by the total number of kilowatts. In this case 
it comes to 48:76 per kilowatt connected per annum. ‘This increases the 
cost of current approximately 25 per cent for the “all-night lamps,” and 
approximately 33 per cent for the “11-o'clock lamps." I wish to 
emphasize that I merely made this calculation out of curiosity, and as 
it is obviously an extreme view it may be taken as certain that the 
authors’ figure of £6°133 per kilowatt is substantially correct and cannot 
be seriously challenged. It therefore follows that Appendix C, which 
is based upon this charge, is also correct. According to the table on 
page 614, the cost per mile per annum (for presumably equal minimum 
illumination) is given as £675 for the gas lamps and £254 for the arc 
lamps. Gas, according to this statement, is 2°65 times as dear as elec- 
tricity for equal illumination, so that it will be obvious that any trifling 
divergencies from the authors’ figures for the cost of current which 
might be suggested by the gas people cannot to any material degree 
affect the great superiority of the figures for electricity on the basis of 
cost; and, after all, cost is the principal factor, provided that n 
illumination is given. 


DISCUSSION BEFORE THE SCOTTISH LOCAL SECTION ON 
18TH MARCH, 1913. 
Мг. R. B. MITCHELL: I disagree with the views expressed by the 
authors on page 600 of the paper, and I strongly support those who 
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consider that lowering gear effects a great saving. I should like M 


to relate our experience in Glasgow. We have here, I think, a system 
which is complete. That is to say, we have not only gone in for fame 
lamps with lowering gear but for magnetically-operated switches with 
control from a central point. Where flame arc lamps are substituted 
for ordinary arc lamps it is almost necessary to adopt these appliances 
owing to the greatly increased cost of carbons with flame lamps. 
Economies have to be sought in other directions in order that the total 
cost may not be seriously affected. Lighting authorities in general 
are quite willing to accept the greatly increased illumination, but they 
are not willing to pay more, at any rate not very much more, for the 
change. It 15 by automatic switching, long-hour lamps, and lowering 
gear, that these economies may be cffected. In Glasgow we now 
have 837 arc lamps, nearly all fame arc lamps, and we are busy fitting 
lowering gears to the last 100 lamps. When the electric control was 
first introduced the trimming staff numbered 23 men. This change 
enabled us to reduce the number to 11 with 2 inspectors. With the 
long-hour magazine lamps and lowering gear a further reduction to 
3 regular men, I spare man, and 2 inspectors, will be brought 
about. Each man attends to 62 lamps per day, and there need be no 
Sunday work. During the summer two of the four men can be taken 
off the lamps to do overhauling in the shop. The switching is done 
by the inspectors, who, after switching on, set out on bicycles to do 
their rounds, each inspector taking one-half of the city. All the 
lamps are switched on in five minutes and switched off instantly. 
I consider that electric control should be taken into account for 
any new scheme of public arc lighting. The control cables can be 
laid at small expense at the same time as the arc lighting cables. 

My experience is that the candle-power of high-pressure gas lamps 
falls off 50 per cent, and that quickly. I have found the candle-power 
of high-pressure gas lamps at Glasgow to decrease by about 331 
per cent in one weck's time, the first reading being 3,200 c.p. at 20 
deg., and the second reading being 2,200 c.p. at 50 deg., and at 20 deg. 
less than 2,000 c.p. In the London discussion it was mentioned that 
the gas pressure at Manchester was not so high as in London: I 
should like to know the reason of this difference. The authors remark 
that the use of clear globes is objectionable owing to the glare causing 
eye-strain. I do not think there is glare to that extent. Even when 
the globes are quite clear the light appears to emanate from the 
whole surface of the inner globe, more intense at the top, of course, 
but the arc itself should not be taken as the locus. I consider that 
clear globes with only their lower surfaces obscured are inevitable 
in view of the competition to be faced. The gas authorities never 
think of using anything else than clear globes, glare or no glare. 
With reference to the experiments made with dioptric globes, the 
authors state on page 623, that the tremendous dip in the curve was 
due to the open lower end of the globes. No doubt that is so, but did 
not the authors also find when using a dioptric globe with an open 
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lower end that the fumes from the carbons condensed on the cold 
surface of the outer globe and in a very short time obscured it? Some 
experimental lamps at Glasgow showed this effect after having been in 
place for only two weeks. 

Mr. A. WiLsoN : Although a gas man I can appreciate the amount 
of work carried out by the authors in preparing this paper. It appears 
that there was evidently great room for improvement in the flame arc 
lighting, and the experiments with the globes show that comparativelv 
unimportant details have a very strong bearing upon the important 
results afterwards obtained. I am glad they have gone so far as to 
state that there is much to be said in favour of both systems of lighting. 
They also say that gas lamps give a much.steadier light, but they go on 
to argue that unfortunately the candle-power of such lamps varies very 
considerably from day to day, and that the light given by a particular 
lamp may decrease at least 50 per cent before the mantle is renewed. 
I grant that there is deterioration of the mantles, but our experience 
is that the deterioration is nothing like 50 per cent. The results of 
our tests are borne out by the testing done regularly in London in 
connection with the high-pressure gas lighting there, where the ga> 
authorities are compelled by the conditions of their contract to main- 
tain a certain minimum candle-power or to be fined very heavily. 
With arc lighting the candle-power undoubtedly varies a great deal 
from moment to moment, and that is far more objectionable than a 
gradual deterioration from week to week, or from month to month. 
Some of our mantles burn from 3 to 4 months, and we try these to 
see how long they will last. On page бо the authors state that 
from the point of view of illuminating effect there is much to 
be said in favour of both systems, but that the electric lighting system 
possesses all the practical advantages, a few of the more impor- 
tant of which the authors give, and with these I entirely disagree. 1 
will run over them briefly. As to lower cost, I agree that what 
they say may be quite right as regards Manchester. The arc lighting 
has been taken in hand there in a scientific way and everything has 
been done to obtain the highest pitch of efficiency. But what do 
we find in connection with high-pressure gas lighting at Manchester: 
Mr. Mitchell has asked what was the reason of the difference 
between the state of affairs in Manchester and in London. The reason 
of the difference is brought out all through the paper. It is the 
excessive leakage which is shown to have existed at Manchester. As 
to the candle-power of the lamps at Manchester, the efficiency was 
far too low. I can understand that if the lamps were erected as 
they came from the makers’ hands, and not tuned up for Manchester 
gas, they would have a low efficiency. We have gone to a great deal 
of trouble in Glasgow in having the lamps adjusted ; but having 
done this we get an efficiency of, say, бо candles per cubic foot of 
gas, and we are not quite satisfied even with that. Even after the 
mantles have burned a considerable time we can nearly maintain 
that figure. With regard to the simplicity of switching operations 
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and the possibility of dispensing with lamp-lighters, several of our 
lamps require individual attention, but we have a large proportion 
where the switching is done automatically. Automatic switching can 
be carried out in great detail in any way desired. We have experi- 
mented with many systems, and some of the later ones are simplicity 
itself, both in erection and in working. On page 633 the running 
costs and the construction costs have been taken out very carefully, 
but I notice it is stated in one of the tables that the outlay was 
very heavy. I see that the actual cost was about £30 per arc lamp 
and £48 per gas lamp. I do not know how the money was spent 
We should want four or five gas lamps for that amount here. I 
фос that there is nothing allowed for gas mains. No doubt there 
s also nothing put down for cables on thc electric lighting side, 
so that the one balances the other. There are rather serious omissions, 
however. Mantles are stated to cost 1s 1d. each. We are paying 
6s. to 8s. per dozen, and we get good value at that. I am glad to 
see that the authors take a sensible view with regard to the testing 
of street lighting. The present aim is to obtain readings on a 
horizontal plane 3 ft. 3 in. from the ground. I hope the authors 
are satisfied with that. I know one electrical engineer who takes 
his readings at a height of 6 ft. Why should he not go to 12 ft., 
and gas would then not be seen at all? I think the street level for 
the horizontal test, or 3 ft. above for the vertical test, is high enough 
for any practical purpose. I have no objection to the statement 
that the vertical test may be made at 4 ft. or 5 ft. from the ground. 
I am glad to hear that opinion, because the point was brought forward 
in a discussion in London on street lighting. The system proposed 
was all against the lower-placed gas lamps and in favour of flame 
arc lamps, which are usually placed on tall poles. 

Mr. J. A. ROBERTSON : I am surprised to find that lowering gear was 
not adopted for the arc lamps in Manchester. I can, however, 
understand that there are difficulties in obtaining satisfactory lowering 
gear for gas lamps, but it is just here that electricity should score. If 
the installation consisted of 700 or 8oo lamps, instead of 16, the matter 
would, of course, be more important. I note the authors' statement 
that gas mantles deteriorate about 50 per cent throughout their useful 
life, and this confirms my own experience. It would be interesting, 
however, to have any particulars regarding the total life of the 
mantles on which these tests were made, as the life may have had an 
important bearing on the result, and would account, partly at least, for 
the discrepancy between the actual candle-power and the rated candle- 
power. The most outstanding fact brought out by these tests is, I think, 
the variations which can be obtained in the candle-power in any given 
direction by the use of special globes and shading. I believe that 
certain local authorities, in drawing up street-lighting contracts, specify 
a certain angle, and in some cases two angles, at which a given candle- 
power must be obtained. With special globes it would be easy to obtain 
any desired result of this kind, altbough the general illumination might 


Mr. 
Wilson. 


Mr. 
Robertson. 


Mr. 
Robertson. 


Mr. 
Langlands. 


Mr. 
McWhirter. 


670 PEARCE & RATCLIFF: DEVELOPMENTS IN (18th Mar.. 


be far from satisfactory. To my mind an illumination test over a large 
area is preferable to a candle-power test for street lighting. I do not 
agree with the authors in their conclusion regarding the undesirability 
of a uniform lighting effect. Our ideal should be the nearest approach 
to daylight that is obtainable, and it seems somewhat absurd to usc 
these high-candle-power units in such a way that it is necessary to 
provide dark patches between them to prevent one’s eyesight from being 
strained. High-candle-power units may be necessary meantime in 
business thoroughfares, but for better-class streets and public square: 
the correct system would be to employ low-candle-power units placed 
at short distances from one another and fixed on standards of artistic 
design. It has becn suggested that the real costs of arc lighting have 
been underestimated in the paper. On the contrary, I think the authors 
have rather erred in overstating the costs. The capital cost per lamp 
appears extremely high, and a street-lighting load would easily justify 
a lower price for energy than is allowed for. If a more extensive 
scheme were to be introduced in Manchester, I have no doubt that thc 
capital cost per lamp would be reduced, with a corresponding decrease 
in the standing charges. It is to be hoped that the careful and impar- 
tial tests which the authors have made and published will provide an 
effective answer to the claims that have been made in recent years for 
high-pressure gas lighting. 

Mr. S. B. LANGLANDS : I am placed to-night in a position somewhat 
akin to that of a referee, and standing, as I do, between thc Gas 
and Electricity Departments in Glasgow, I propose to offer little 
or no criticism and to maintain my neutral position. Some remarks 
have been made about the deterioration of mantles. Many tests of 
mantles have passed through my hands, and I know of figures of only 
17, 18, and 19 per cent deterioration at the conclusion of 1,009 hours 
burning. I am not a believer in tests taken in the street except in so 
far as they are relative tests. Many things tend to upset accurate 
photometric reading in the streets. The colour of the buildings— grey, 
white, red, or black—a wet night, a glossy surface on the streets, 
a fall of snow, in fact there are a hundred and one conditions which 
may prevail to preclude an accurate test being made. The Glasgow 
Street Lighting Department are now equipping a laboratory for 
the purpose of making tests of every kind of gas and electric lamp that 
is placed on the market, and I prefer tests of this kind to any made in 
the streets. Mr. Robertson mentioned the centre lighting of streets. 
I am glad he raised that point, because in Glasgow we met thc 
difficulty that he had to contend with by staggering our suspended 
lamps at the lower end of Bath-street. 

Mr. W. McWHIRTER (communicated): There have been marked 
improvements in street lighting since the introduction of electric arc 
lamps of a practical type in 1878 ; and all such improvements in street 
lighting have been due to the introduction of electric arc lamps. Public 
gas lighting has certainly improved greatly along with electric lighting. 
but the introduction of the metal filament lamp for small lighting units, 
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and of the flame arc lamp for large units, has again left gas lighting far M 


behind. The experimental work on the various forms of globes is 
most interesting, and the improved distribution of light amply repays 
the time spent on these improvements. An accuracy of 3 per cent 
is claimed for the photometric measurements, but it is very doubtful if 
anything approaching this accuracy is possible ; as, however, the same 
arrangements were used for testing both the gas and the electric 
lighting, the comparison between the two systems should hold good. 
The failure of arc lighting to penetrate a fog has often been referred 
to, and there is no doubt that with plain cored carbons the light was 
very deficient at such times. With the flame arc lamp, however, a 
great improvement has taken place in this respect, and fog now seems 
to have less effect on flame arc lighting than on gas lighting. 

Messrs. S. L. PEARCE and Н. A. RarcLirF (im reply): Several 
speakers have alluded to the absence of lamp traversing and lowering 
gear from the Portland-street installation, and have emphasized the 
great saving which can be effected by the use of this gear in place of 
tower wagons for trimming purposes, etc. Whilst the value of the 
economies that can be obtained by using traversing and lowering gears 
is quite appreciated, those who know the relative positions of Portland- 
street and Dickinson-street generating station will appreciate our 
problem, which was to balance the extra capital expenditure on 
lowering gear, etc., against the possible saving of time and labour taken 
up in trimming. Another point which weighed with us was the extreme 
difficulty of getting the necessary permission from property owners to 
attach the overhead gear tothe wallsof their buildings. In Manchester 
we have no compulsory powers in this direction. We are there 
entirely on sufferance, and every tenant can refuse (if he thinks fit) to 
allow us to attach our rosettes, lowering gear, winches, etc., and it was 
with the greatest difficulty, in certain instances, that we obtained the 
necessary permission to attach even the ordinary rosettes, without 
all the other fixings which are incidental to lowering and traversing 
gears. The close proximity of Portland-street to Dickinson-street 
renders it a very easy matter for the tower wagon to be run out and the 
lamps attended to in a minimum of time. In the event of further 
extensions of street lighting being secured, the saving incidental to the 
use of lowering gear would undoubtedly render its use imperative. 

Mr. Seabrook has raised the question of the cost of carbons ; we 
quite agrec that in the case of street lighting it is false economy to use 
anything but the best carbons. It is interesting to know that the 
Manchester cost for carbons is the same as at Marylebone. 

The cost of current has given rise to many interesting points. The 
figures given in Appendix A simply show the actual cost to the Elec- 
tricity Department, there being nothing added to these figures by way 
of profit. At the same time it is only fair to point out that these figures 
are very ample. Certain items might very properly be ruled out, as 
having nothing to do with the cost of a street-lighting load. This 
course, as a matter of fact, was taken by the Gas Department in com- 
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piling their figures. Mr. Seabrook raises the point as to whether 


16,821 kw., representing 70 per cent of the lighting connections, is not 
too high a figure to take. It should be borne in mind that the business 
lighting load very largely predominates in Manchester, that is to say, 
the ratio of the business lighting connections to the total lighting 
connections is a very high figure, and we do not think that to take an 
all-round average of 70 per cent gives too high a value ; but again, if it 
is too high and should be reduced, then so much better the case for the 
street-lighting costs. 

Alderman Walker asks why any “loading” should have been added 
to the figures which appear in the published accounts of the Electricity 
Department. The total which appears in the paper is £447,498, as 
against £407,498 in the published accounts. This difference is accounted 
for by an assumed contribution of something like £15,000 to a reserve 
fund which was not made last year, but in succeeding years we hope to 
be able to do so; and also a supplementary contribution of £25,000 in 
respect of depreciation. The underlying idea being to present the gas 
and electricity accounts on an equal footing as regards financial stability. 

Mr. Tavlor pointed out that differentiating between the fixed charges 
for lighting and power respectively might be open to criticism. On 
the other hand, he clearly shows that without this differentiation the 
increased cost of current only adds 25 per cent to the cost of the all- 
night lamps and 33 per cent to that of the 11-o'clock lamps. As there 
still remains such a wide margin between the cost of gas and of 
electricity, the point put forward by Mr. Taylor will not in any way 
seriously challenge the superiority of electric lighting on this score. 

Mr. Robertson, on the other hand, thinks that the cost per unit has 
been over-estimated, and that the capital costs per lamp installcd are 
high. With the former opinion we are not disposed to differ, we have 
intentionally erred on the high side. As regards the capital cost per 
lamp, doubtless this would be materially reduced if a more extensive 
scheme were to be introduced in Manchester. 

Mr. Harrison, speaking on behalf of the electrical interests, on the 
one hand, and Mr. Wilson, on behalf of the gas interests, on the other, 
have made some interesting remarks on the question of gas pressure in 
Manchester, London, and elsewhere. The pressure in Manchester i5 
55 to 6o in. (water gauge). This is substantially lower than the pressurc 
used in London. We understand that a pressure of 8o in. (water 
gauge) was at first used in Manchester, but was subsequently reduced 
on account of leakage. "Mr. Harrison has also supplemented the paper 
with a good deal of very uscful information, most interesting to 
members who have not had an opportunity of perusing the joint report 
presented by himself and Mr. Abady. The question of the candle- 
power obtainable per cubic foot with high-pressure gas is probably ont 
of the most debatable points in connection with the subject. In this 
connection the figures quoted from Dr. Bloch's work in Germany. 
which are in close agreement with Professor Morris's published results, 
arc very interesting and corroborate very closely the Manchester test 
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results. On the other hand, Mr. Wilson still maintains that with the 
lamps properly adjusted he has no difficulty in getting an efficiency of 
60 candle-power per cubic foot of gas, and he further states that this 
figure is maintained even aíter the mantles have been in use for a 
considerable time. Presumably these are the laboratory guaranteed 
figures, as we note from Mr. Langlands' remarks that the Glasgow 
Street Lighting Department is not in favour of, nor does it believe in, 
tests taken in the streets, except in so far as they are relative tests. In 
the light of this statement Mr. Wilson's results must be discounted. 
Electrical engineers have never disputed the fact that with properly 
adjusted lamps a figure of 60 candle-power per cubic foot can be 
obtained under certain conditions ; but this figure has been used in a 
somewhat unfair fashion by the gas authorities. Only recently it has 
been stated on high authority in the gas world that it is not safe to 
reckon on more than 40 candle-power per cubic foot of gas consumed 
being obtained under average outdoor conditions. We agree with 
Mr. Harrison that there is a good deal to be said in favour of not 
extinguishing the street lamps at r1 o'clock. In large cities it is not 
unlikely in the future that, with a view to improving the traffic con- 
ditions, a good deal of heavy haulage which is now done in the day- 
time will be carried out at night. "This will particularly be the case in 
large commercial cities, in which case it will be necessary to keep up 
the standard of illumination in the streets during the night. 

Mr. Bailey is rather critical in his remarks with regard to the black- 
ness of the Manchester buildings. We agree that black smoke should 
be got rid of first of all, and it is in this direction (though apparently 
not known to Mr. Bailey) that both the Manchester gas and electricity 
departments have, and are doing, so much. The former by the substitu- 
tion of gas fires for coal fires, and the latter chiefly by the substitution 
of electricity for steam drives. The industrial power load on thc 
Manchester mains exceeds that of any other municipality. Mr. Bailey 
appears to think it undesirable that so many details in connection with 
the Manchester experimental work should bave been given in the 
paper. So far as we know, investigations along the line pursued by us 
have not previously been published, and we venture to think that 
progress can very frequently be made by the publication in papers not 
only of successes but also of the failures leading up to those successes. 
Whether all that we have published was well known before or not may 
be a matter of opinion, but if so then it is surprising that so many 
makers are content (as Mr. Harrison pointed out) to send out lamps 
which work satisfactorily from the mechanical feed-point of view, but 
which give their most efficient light at angles quite unsuitable for street 
illumination. Mr. Harrison further points out that the indiscriminate 
way in which engineers have installed such lamps, without making any 
scientific tests, has certainly done harm to the progress of electricity 
for street lighting. Saying this, we are not unmindful of the very 
valuable work which Mr. Bailey himself has carried out in Cheapside 
(London) Each locality has its own problems, and each engineer 
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probably prefers to work along his own lines of development. With 
regard to the effect of the process by which the grading is secured, 
Mr. Bailey and Mr. Angold have raised doubts about its influence on 
the skin of the globe and the permanency of the graded flashing. We 
have had these globes now in use for nine months and there is ap- 
parently no diminution. The flashing cannot be scratched or washed 
off with soda, and we believe it to be as permanent as the globe itself. 
Of course all inner and outer globes slightly etch in damp weather. 
This really determines their life under ordinary Manchester atmospheric 
conditions ; which life we put at about eighteen months. 

Mr. Jackson asks how it is that the nominal candle-power of the 
gas lamps is given at 4,500, whereas the actual tests only show that 
half of this value has been obtained. The answer is probably three- 
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fold. First, the over-estimation on the part of the gas authorities of 
the candle-power obtainable per cubic foot of gas. Second, the 
low working pressure in Manchester as compared with London ; and 
third, the fact that even assuming it is possible to get 1,500 candle- 
power from a single high-pressure gas mantle, it by no means follows 
that 4,500 candle-power is always obtainable from three mantles in the 
same lantern, because there will probably be a certain masking effect. 
If the three burners are so fixed as to form the corners of a sufficiently 
large equilateral triangle, it will be possible to obtain the combined 
candle-power in six directions (see Fig. A). 

On the question of fog penetration there appears to be a consider- 
able difference of opinion between gas and electrical engineers. 
Professor Morris asks if we have any measurements by which we 
can corroborate our statement that the electrical flame arc lamp is 
superior in its penetrating power to the high-pressure gas lamp in 
foggy weather. We made several experiments during the month of 
February on the occasion of severe fogs in the city, and our results 
in favour of the electric arc lamps were confirmed by observations 
made by officials of the Tramways Department. Mr. Cunliffe, speak- 
ing on behalf of the Tramways Department at Manchester, stated 
that he had made careful tests by observing the distance at which the 
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light becomes invisible to the eye, and when tested by this method the 
arc lamps were found to be far more penetrating than the gas lamps. 
Several other speakers from different parts of the country have also 
endorsed this opinion. It is an admitted physical fact that a reddish- 
yellow light is the best for fog penetration. The greenish light of the 
gas lamps is admittedly superior for penetrating a clear atmosphere, but 
it is in foggy weather that the light is most required, and under these 
conditions the more refrangible rays at the green end of the spectrum 
are much inferior to those of longer wave-length nearer the red end. 

The test card used in the luminometer was fixed at an angle of 
45 deg. to the tubular opening, and was therefore always at the same 
angle to the light rays. The luminometer tests had only just been 
commenced when the paper was written, consequently very little 
information had been obtained. The figures given indicate the supe- 
riority of the arc lamps, but as the actual candle-power of the gas lamps 
at these large angles of incidence was not known, the figures are neces- 
sarily rather indefinite. Attempts were made to obtain comparative 
observations during a dense fog, but unfortunately the fog was of such 
a rapidly shifting nature that the figures obtained could not be regarded 
as reliable, although apparently favouring the arc lamps. 

In order that tests might be taken nearer to the lamps, and conse- 
quently at more acute angles of incidence, at which the average values 
of the candle-power were known, the opening in the luminometer was 
closed with a fogged photographic plate. The results obtained were 
rather remarkable as will be seen from the table on p. 676. 

They either imply that the light from the arc lamps was superior 
to that from the gas lamps for the particular purpose of reading type, 
or that there had been a considerable reduction in the candle-power 
of the gas lamps. The atmosphere was clear at the time of testing, 
and presumably the fogged photographic plate, which was of a per- 
fectly neutral tint, did not discriminate between the two sources of 
light in any way. 

Also in reply to Professor Morris, the calorific power of the gas at 
Manchester is 575 B.Th.U. 

We have read with very great interest Mr. Trotter's communicated 
contribution, and note that in his opinion from the points of view of 
copious illumination, uniformity of distribution, and economy, both the 
Gas Department and the Electricity Department have succeeded 
admirably. We can only add that the above were the results aimed 
for. It is also very impressive to read Mr. Trotter's opinion of Man- 
chester as being the worst lighted of our great cities ; it is high time 
that Manchester got rid of its bad character in that respect. Mr. 
Trotter and others have drawn attention to the charges made by the 
Gas Department for street lighting, and it is not surprising that the fact 
that the department has obtained the same price for gas for public 
street lighting as from ordinary householders should have roused 
comment.  Allusion has already been made to the fact that in arriving 
at the total cost of the experimental lighting of Princess-street, several 
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Мег. т items had been struck out of the published cost-sheet of the Gas Depart- 
Ratcliff. ment, on the ground that they had no connection with the cost of street 


lighting. The sum thus struck out by the Gas Department amounts to 
no less than £158,559 out of a total of £461,667. 


Resulls given in paper. 


Distance of Luminometer (d ).* 
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Mean of Four Complete Tests taken with Fogged Pholographic Plate. 


m | 
High-pressure gas. Flame arc. | | | 
. . —_ | | (A) ' (B) B 
шы | Actual pice (Ай! | Distance шн | Ratio of 
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Medium| 2,050 5075 3,350 757 1935 | 2045 |125 


| 
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Mr. Trotter has expressed the opinion that the standard of illumina- 
tion in both Princess-street and Portland-street is too high, and that i 
savours of a spectacular display rather than of an economic experi 
ment. After all, this is largely a matter of local conditions 4° 
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Mr. Trotter puts it, the Corporation are well able to judge for themselves 
to what extent this degree of lighting is suitable for Manchester. The 
density of vehicular traffic in this city between the hours of 4.30 and 
6.30 p.m. is remarkable, and demands a high standard of illumination. 
Mr. Trotter admits that he is not acquainted with the traffic in the 
streets before 6.30 p.m., and therefore we venture to think that he 
would have expressed a different opinion if he had had any practical 
acquaintance of the streets between the above-mentioned hours. 
Several other speakers have also followed in the same strain, viz. 
that too high a standard of illumination has been attained, and some 
have gone so far as to state that there is no need for this standard. In 
this connection the remarks of Mr. Cunliffe, again speaking as an official 
of the Tramways Department, are of interest In his opinion one 
effect of the central lighting of Portland-street by centrally suspended 
lamps of high illuminating power has been the speeding-up of the street 
traffic. The value of good lighting cannot be over-estimated in the 
interests of drivers of high-power and high-speed vehicles. He attri- 
butes much of the congestion at night-time to slow and cautious 
driving, due to the inability of the drivers to obtain a clear view of the 
roadway for a fair distance ahead of their vehicles. In a valuable 
report recently submitted to the Manchester City Council by the 
Tramways Department, it is clearly brought out that owing to the con- 
gestion of the streets in the central area of the city, the average speed 
of the cars is so reduced, and the current consumption per car-mile so 
increased, as to account for no less a sum than £20,000 per annum. 
Whilst the authors do not intend to convey the impression that the 
whole, or even the major portion, of this loss is due to the bad illumi- 
nation of the streets, there is no doubt of the fact that at present the 
lighting of the important thoroughfares in the city is poor, and tram- 
car and other vehicular traffic is often held up from this cause. The 
authors believe that the tramway authorities in many of our large cities 
could very much reduce their energy consumption per car-mile if the 
illumination of their important streets was improved. This seems to 
be the general answer to all those critics who do not believe in a high 
standard of illumination for important thoroughfares. 

We agree with Mr. Trotter that the illumination of streets might 


reasonably be graded to suit their traffic requirements. In a recent . 


paper read by C. L. Eshleman on “Industrial Lighting" before the 
American Institute of Electrical Engineers, the author gives the 
following figures for the desirable illumination of streets :— 


Foot-candle. 
Business thoroughfares (not including illumination re- 
ceived from shop fronts, etc.) oe et se 075 
Prominent streets in residental districts T Wu. 2 
Country roads ... ss sis ec ds .. 0'05 


The first-named figure supports the standard aimed for in Portland- 
Street. 
Vor. 50. 44 
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The overhead system of distribution appears to find general favour 
with engineers where this system can be applied. 

The data given by Mr. Baker of the public electric lighting of Milan, 
Turin, and other cities is very interesting, as bearing out our conten- 


‘tion that equivalent illumination can be obtained with fewer lamps 
‘centrally suspended than with the usual arrangement of side атр. 


On the Continent the street-lighting authorities have got compulsory 
powers for the fixing of the necessary overhead work which we in this 
country do not possess. This will doubtless explain why so many of the 
streets of large cities on the Continent are centrally lighted. On the 
other hand, the central lighting system with high-pressure gas lamps is 
not suitable, owing to the complications involved and the considerable 
leakage which must take place in the flexible gas pipes, with consequent 
drop in pressure and diminution of illuminating power. Mr. Baker is 
of the opinion that the height adopted in Portland-street, viz. 27 ft. 6 in., 
is too high, and that better results could be obtained by reducing this 
height. This is certainly not the case, and any alteration in height 
would be “upward” rather than “downward.” The uniformity of 
light distribution would be entirely destroyed if the lamps were 
lowered, and no possible design of reflector would counteract the effect. 
It is impossible to avoid sharp contrasts in the illumination if the 
lamps are fixed at a height which is much less than a quarter of.the 
distance between them. In Portland-street the existing height of 
the tramway trolley wires would determine the minimum height at 
which the lamps could have been erected. 

Mr. Walker brought out an important point when, on the question 
of reliability, he mentioned the figures of lamp failures. Of course Mr. 
Abady's comparison was most unfair, in so far as he was comparing 
16 arc lamps against 4 high-pressure gas lamps, and half of the 16 arc 
lamps were burning all night against the 4 gas lamps burning only 
until 11 o'clock. 

Mr. Burnett and other speakers have advocated the use of metal 
filament lamps instead of flame arc lamps. In this connection a very 
interesting statement was made by Mr. Burnett to the effect that the 
advantage lies with metal filament lamps for all cases in which a 
minimum illumination of less than o'1 foot-candle is required. We 
have been unable to check this figure, but there can be no doubt that for 
street lighting the tendency all over the country to-day is for higher 
candle-powers, and therefore the tendency must be for flame arc lamps 
to be used instead of metal filament lamps. The low illuminating value 
of or foot-candle is entirely insufficient for important thoroughfares, 
and it may bestated atonce that metal filament lamps would not compare 
in cost with high-pressure gas lamps for illuminating values in excess 
of o'1 foot-candle. The authors have found from calculations that the 
lighting of Portland-street with metal filament lamps to the o'5 foot- 
candle standard of illumination would have been at least four times аз 
costly in comparison with flame arc lighting. It is interesting to note 
from the remarks of several speakers who have had extended experi- 
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ence with metal filament lamps that these can hold their own in 


competition with gas lighting at ordinary pressures. 

Mr. Harrison, Dr. Rosenberg, Mr. Dow, and others have alluded to 
the important question of glare. It is interesting to know that in Mr. 
Harrison’s opinion there is a much higher intrinsic brilliancy in the 
average high-pressure gas lamp than in the average arc lamp fitted with a 
globe which obscures some 25 per cent of the light. Mr. Trotter, whilst 
supporting Mr. Harrison in his opinion that gas mantles have a higher 
intrinsic brightness, said that the glare or stress to the eye when looking 
straight at the electric arc is greater in his opinion than with the gas 
lamps, and his explanation of the fact, viz. that it is due to the use of a 
white reflector, is probably correct. 

The discussion has certainly indicated the importance of avoiding 
glare, although unfortunately it has not provided any very definite 
suggestions as to how the desired end is to be obtained. Admitting 
the existence of glare, its cause or causes have never been clearly 
defined. The following are undoubtedly contributory conditions :— 


Contrast, 

Intrinsic Brilliancy, 
Angle of Incidence, 
Colour. 


The first is probably the prime cause of glare. The second is 
incidental to the first; and the two last are to a large extent acci- 
dental and the results of departure from natural conditions. The 
relative importance is probably in the order given. Intimately con- 
nected with the fourth item is a physiological condition depending 
upon the accommodating power of the eye. So far as the lamps 
in Princess-street and Portland-street are concerned, any glare, if 
existent, is about equal, although the actual candle-power of the arc 
lamps is much higher than that of the gas lamps. Glare must of 
necessity be largely a matter of personal opinion, and in this respect 
it is interesting to note that although Mr. Trotter considers the 
Portland-street lamps to be more glaring than those in Princess-street, 
Mr. Haydn Harrison and Dr. Rosenberg consider the reverse to be 
the case. The importance of the angle of incidence is evident from 
Mr. Cunliffe’s remarks concerning the high-pressure gas lamps fixed on 
low standards. 

The point raised by Mr. Cridge is extremely interesting, and is 
certainly connected with glare. As a rule, advancing age is accom- 
panied by the defect known as presbyopia, or in other words, the eye 
loses its power of accommodation, and is normally focused for distant 
vision. Those distance lights will therefore be most appreciated which 
have the best carrying power and give the greatest physiological effect 
for the least expenditure of energy, i.e. lamps having a greenish light. 
For some obscure psychical reason it is natural to prefer a warm light to 
a cold one, but the more red a light becomes, the greater the expendi- 
ture of energy for the same physiological effect, and consequently the 
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p greater the pathological effect on the eye. Fortunately the eye is 

Ratcliff. better able to protect itself against these hot lights than against the 
more restful green lights, but probably this power of protection also 
decreases with advancing age, which may explain the preference of 
young people for reddish-yellow lights, and of elderly people for lights 
possessing a greenish tint. The restfulness of green is naturally the 
result of the wide distribution of this colour throughout nature. 

It is extremely doubtful whether Mr. Trotter’s suggestion for the 
use of reflectors on the arc lamps would be either practicable or effec- 
tive, but at the same time it must be admitted that the theoretical 
considerations prompting the suggestion are perfectly sound, and there 
is no doubt that if illumination could be produced without pronounced 
contrasts of intrinsic brilliancy, glare would be a thing of the past. 

The experiments of the authors in the direction of eliminating the 
effect of glare are still being continued, and at the present time it is 
not considered that the final and best results have been achieved. 
We shall all be in accord with Dr. Rosenberg in his plea for the more 
scientific illumination of our streets. 

Mr. Burnett and other speakers have referred to the low main- 
tenance costs for the arc lighting. We can only say that these costs 
are actually borne out in practice, and so far as the trimming and 
carboning are concerned their smallness may be explained by the 
fact that Portland-street is so near to Dickinson-street that very little 
time is lost by the attendants in going to and fro. Our figures are 
based on six trims per hour, or 60 per day, which can be got without 
difficulty. 

At the same time it is only fair to point out that no heavy main- 
tenance charges by way of extensive renewals have been included 
in the figures given in the paper. As regards the gas maintenance 
costs, the low pressure will probably account for the small upkeep 
of the mantles. High pressures and high maintenance charges go 
together. Pressure must be kept up, otherwise it would be impossible 
to maintain the minimum candle-power specified. In the case of 
the well-known Westminster contracts the candle-powers were of 
course guarantecd under certain penalties. The amount of photo- 
metric work daily in progress in the streets under contract is a very 
good testimony to the value of the penalty if the gas illumination falls 
below the pre-determined standard, and this also furnishes strong 
grounds for believing that the expenditure for maintenance in 
London on high-pressure gas lighting must be exceedingly high. 

With regard to the table given on page 614 of the paper (this table 
is extracted from Mr. Haydn Harrison's report), we wish to point 
out that the incidence of the capital charges is excluded from both 
sides, as the Gas Department had omitted in their estimate of cost 
per lamp per annum all capital charges on the installation. 

Several speakers have drawn attention to the capital costs of the two 
installations as being unduly high, and Mr. Wilson is especially severe 
on the gas costs. Attention must be drawn to the fact that nothing 
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is included in the gas capital account for high-pressure mains or the 
compressor plant. On the electrical side, the special arc lighting 
mains laid account for £306. This figure is not included in the total 
of £564 given in the paper, but forms a part of the fixed charge of 
£6°133 рег kilowatt connected. Mr. Burnett also thought that 84 per 
cent on the capital charges per annum was insufficient. Of the total 
of £564 the arc lamps themselves only account for £140. These 
admittedly may have a somewhat short life, but the rest of the 
expenditure can fairly be taken over a long term of years, and there- 
fore the equated percentage of the total is not unreasonably low 
at 84 per cent. The high capital costs per lamp are undoubtedly 
due in the first place to the small size of the installation. The charges 
made by the Tramways Committee for certain erection work and 
materials are also on the high side. In any thoroughfare where the 
traffic is less, the costs could undoubtedly be very materially reduced. 

Mr. Angold asks which is the final type of globe used in Portland- 
street. At the present time Fig. 20 shows the polar curve obtained 
with this globe. 

Mr. Hollingsworth asks how the price of current compares with our 
average total cost per unit. The average total cost per unit sold to-day 
in Manchester is o'55d. | 

With regard to the gas consumption in Princess-street, it may be 
taken that there is nothing included for the by-passes in the figures 
returned by the Gas Department. On the other hand, all leakages 
were included in the measurements taken. The pressure is recorded 
on an instrument specially fixed on the wall of one of the buildings 
abutting on to Princess-street. 

In reply to Mr. Cramp, alternate lamps are run in series. Shrews- 
bury-street is not in the Manchester area of supply, so no information 
is available with regard to the high-candle-power metal filament lamps 
used therein for street lighting. 

With regard to the type of cable used for the service branch work, 
it is perhaps not made quite clear in the paper that the cable used is of 
the type known as “Cab Tyre Sheathed " ; it is believed to be the first 
installation in which this class of cable has been used for public 
lighting. This type was chosen because of the likelihood of trouble 
with ordinary taped and braided rubber cables from condensation if 
used with iron piping protection, and also because of the severe strains 
that the cable would be subject to when drawn in around the 
numerous curves. The corroding influence of the Manchester atmo- 
sphere on ordinary armoured or otherwise protected cables is also 
a point that had to be borne in mind. 

We think Mr. Solomon is quite justified in sounding a note of 
warning to the effect that it is not any benefit to create the impression 
that flame arc lighting has a “ walk-over " as against high-pressure gas. 
There is much to be said for both systems, and in our opinion it will be 
for some time to come a matter of the keenest competition between 
the two. On the other hand, we must point out that so far as the 
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En Manchester results can be taken as any guide, assuming electricity costs 
Ratcliff. twice as much as it is stated to cost in the paper, or assuming that thc 


gas lamps were twice as efficient as they actually were found to be, 
still the final result is in favour of electric lighting from the point of 
view of £ s. d., for approximately the same degree of illumination. 

We are quite in accord with Mr. Crocker's remarks regarding the 
importance of a steady feed, which wc think is after all the chief 
influencing factor on the steadiness of the arc, and that it is not a 
question of the correct type of globe as stated by Mr. Bailey. We see 
no reason to alter the opinion stated in the paper that on the whole the 
high-pressure gas lamp is a steadier light than the arc lamp, although 
it requires the photometer to emphasize the fact. Mr. Crocker's 
remark regarding the capacity of the lamp magazines to accommodate 
as many pairs of carbons as possible is quite in accord with our own 
views on the subject. 

Many speakers have alluded to the question of the deterioration of 
the mantles. Here again great differences of opinion were expressed. 
Whilst everybody admits that there is a very considerable deterioration 
(which is probably greater as the pressure is increased), Mr. Langlands 
and Mr. Wilson put the value not higher than 20 per cent, whilst 
electrical engineers are generally agreed that the figure is nearer 
50 per cent. No doubt this depends largely on local conditions. For 
instance, the nature of the street traffic has a great deal to do with it, 
and in this respect Manchester will be a bad city for gas lighting, 
having regard to the exceedingly heavy street traffic. Again, lieavily 
smoke-laden and foggy atmospheres appear to have a bad effect on the 
ordinary high-pressure gas mantle. 

The authors are particularly gratified with the contribution made to 
the discussion by Mr. Wilson, the Gas Engineer of Glasgow, and also 
for his many remarks on the paper. A considerable amount of work 
has been spent upon it, and they are glad to hear that it may be of con- 
siderable use to many engineers interested in high-pressure gas lighting. 

The authors consider that the central lighting system has no disad- 
vantages from the point of view of the drivers of tramcars or of ordinary 
vehicles. Theadvantage of staggering suspended lamps is notapparent. 
Traffic never takes the exact centre of the road, and consequently 
drivers are far more likely to be dazzled by lamps suspended nearer 
the side of the road than by centrally suspended lamps. 

Professor Schwartz raises several important points relating to the 
design, construction, and calibration of a portable photometer. Fortu- 
nately our instrument was free from most of the defects and errors 
which he mentions. A narrow adjustable slit, used under the condi- 
tions he describes, would probably constitute a source of considerable 
error, and it was mainly for this reason that extreme care was taken in 
the adjustment and subsequent calibration of the photometer. In order 
to avoid very narrow openings of the slit, three separate ranges of 
adjustment were provided. For high values of illumination a lens was 
interposed between the slit and the photometer head ; for medium 
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values the lens was removed; and when measuring very low illumi- 
nation a resistance was connected in series with the sub-standard 
lamp. In practice the resistance was only required when testing 
ordinary low-pressure gas lamps. Back-lash on the micrometer screw 
is practically non-existent, as the screw is always held tightly in mesh 
by means of a spring. The zero of the micrometer scale was always 
checked before commencing a test, and doubtful readings on the scale 
were confirmed by observations taken with the shutter opening and 
closing, i.e. with both directions of screw travel. 

The law of inverse squares does not affect a photometer such as 
ours, which is calibrated empirically, and in which the standard lamp 
is a fixture. Errors might be introduced during calibration ; but these 
were reduced to reasonable limits by having the standard source of 
light as small as possible, and limiting its distance from the photometer 
to at least four or five feet. No attempt was made to obtain an 
academic degree of accuracy, and the 5 per cent limit adopted was 
sufficient for the requirements of all practical work, and was moreover 
a limit which was shown by careful checks to be easily maintainable. 
Reflection from the black paint used in the photometer is of no conse- 
quence, and if it were possible to maintain a clean surface, the interior 
might just as well have been painted white. The mean illumination 
curves were deduced from the mean polar curves and the mean 
distances between lamps, as suggested by Professor Schwartz. The 
contour curves were also calculated from the mean polar curves. In 
some cases the mean curves given in the paper are the result of nearly 
1,000 observations. 

Several speakers have referred to the standard height for tests of 
outdoor illumination, and we are pleased to observe that Professor 
Schwartz, Mr. W. R. Cooper, and Mr. A. Wilson agree with us 
regarding the drawbacks to the adoption of the 3 ft. зіп. standard. 
It is necessary in this respect to avoid confusion between the actual 
testing level and the level used as a basis of comparison for illumination 
on a horizontal plane. If the illumination on the horizontal plane 
means anything at all, it means the illumination on the ground level, 
and all figures should be converted to this basis irrespective of the 
actual height of the testing plane. The ground level is the only 
horizontal plane at which the measurements provide a common basis 
of comparison for all lamps irrespective of their heights. If the design 
of the photometer admits of measurements being taken actually on the 


ground, level, so, much the better; but if not, it becomes necessary to. 


select a sujtable height for the test plane. 3ft.3in., or one metre, 


happens to be a convenient standard of length, and is also a suitable. 


height for one or two illumination photometers, but possesses no other 
advantages. Such a height is in many respects inconvenient to work 
at, and 4ft.6in. to 5ft. is far more convenient, and possesses the 
additional strong advantage that measurements taken at this height 
on the vertical plane are directly applicable to the light rays which are 
mainly effectual in illuminating the features of pedestrians and also 
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vehicular and other objects at eye-level. For interior work the 
illumination on the horizontal plane is admittedly required at a height 
of from 2ft. 6in. to 3ft. 6in. from the ground. 

Mr. Bailey considers that the most important function of a properly 
designed globe is to secure a steady arc. It is certainly one of the 
functions, although not necessarily the most important, and in this 
respect the inner diffusing globes used on the Manchester lamps are 
quite as good as if not superior to dioptric globes. Despite Mr. Bailey's 
strong championship of the flame arc, it cannot be denied that such a 
lamp does not, and from the very nature of its action cannot, give such 
a steady light as an incandescent gas lamp, although at the same time 
it will readily be admitted that the light is sufficiently steady for all 
practical purposes. Certainly it cannot be improved by the use of 
dioptric globes, and, in fact, unsteadiness is probably more noticeable 
with refracting than with defracting or diffusing globes. 

Mr. Edgcumbe is apparently in complete agreement with our 
frequent use of illumination on the horizontal plane as the criterion of 
the effectiveness of the general illumination in a street. In most cases, 
minimum illumination on the ground level and the variation factor 
probably provide all the data necessary for determining the value of a 
scheme of lighting. The illumination on a vertical plane is also fre- 
quently of considerable importance, and fortunately is usually suff 
ciently good if, the corresponding illumination on the horizontal plane 
is satisfactory. Many of the results were given on a horizontal plane 
3 ft. 3 in. high, but only because this has become a more or less recog: 
nized standard for such measurements. Despite Mr. Edgcumbes 
claim for the metre level, the advantages, both theoretical and practical, 
in favour of a ground level standard appear to be overlooked. 

It is interesting to hear that the definition of “ horizontal illumin- 
ation" is perfectly correct, as the drafting of a trustworthy definition 
in view of the diverse views on the subject was by no means an easy 
matter. Having admitted the correctness of the definition, why 
expect the authors to state more definitely what they mean? It was 
certainly not intended to suggest that illumination was in any way a 
variable depending upon the nature of the ground surface. Through- 
out the paper it has been clearly indicated that what was referred to 
was the impressed illumination, or, as it is known in England, merely 
the illumination. More than one English authority has within quite 
recent years confused impressed light and reflected light or surface 
brilliancy, and in America the latter is still regarded as the real 
illumination, although the English conception is now used to a large 
extent. Much confusion would be avoided if illumination (as now 
recognized) were regarded as impressed illumination, and the reflected 
light or surface brilliancy as the resultant or effective illumination. Mr. 
Paterson's coefficient of reflection is apparently somewhat similar to 
Lambert s albedo, 

The suggestion that horizontal illumination should be calculated 


from the candle-power measurements, was perhaps to some extent due 
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to the fact that a candle-power photometer was used, but the chief 
reason for making it was that illumination photometers are at a great 
disadvantage when measuring low values of illumination and with large 
angles of light flux incidence. Candle-power photometers give true 
values for the impressed illumination irrespective of the nature of the 
buildings and stray light from shop windows and other extraneous 
sources. The impressed illumination is what is paid for, and is there- 
fore what should be measured ; any extra illumination due to reflection, 
etc., may be regarded as “unearned increment.” It would be very 
risky to reckon on such reflection when laying out an installation, and 
by no means easy even if the albedo of the particular street were known. 
In the case of Portland-street the difference between the impressed 
illumination and the actual illumination would be extremely small, as 
the reflection from the buildings is certainly negligible. 

The flicker photometer has its good and bad points. No diff- 
culty has been experienced when using it for. measuring values of 
illumination within the limits obtainable in ordinary street work. It 
appears to be indispensable when comparing lights of different colours. 
Flicker photometers are tiring to use, and no really satisfactory ex- 
planation of their physiological action has yet been given. Experience 
has shown that different observers obtain more consistent results with 
the flicker than with the grease-spot photometer when comparing 


lights of different colours. The comparative photometry of different · 


coloured lights is at the best unsatisfactory, and a really satisfactory 
solution of the problem is a matter for the physiologist rather than the 
physicist. 

The suggested ''foot-candle-yard " is not a very scientific unit, but 
itis certainly a simple and convenient one for comparing the cost of 
different lighting schemes. Strictly speaking, comparison should be 
on a “ foot-candle area" basis, and it would therefore not be fair to 
take the average ordinate of an illumination curve, since the areas 
actually illuminated are the bases of cones of which the lamp forms 
the apex. 

Professor J. T. Morris and other speakers raise the question of the 

effect of fog on incandescent gas mantles. There-is apparently an 
actual reduction in: the candle-power of the gas lamps during foggy 
weather. The effect is similar to that so noticeable in the case of low- 
pressure gas lamps, but of course in a much lesser degree. The 
physical changes taking place in an incandescent gas lamp are some- 
what complex, and consequently the actual cause of the diminution in 
candle-power rather obscure; but it is probably due to a slight 
reduction in the thermal efficiency of the burner, in consequence of 
which the radiating power of the mantle is reduced to a very apprecia- 
. able extent. 
.. We do not recommend the use of translucent globes, mentioned 
by Mr. Dow. Some of our experiments with various combinations of 
globes appear to have given results very similar to those of Sweet referred 
to, particularly the combination from which Fig. 18 was obtained. 
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We certainly had no intention of resurrecting the “ Purkinje” 
bogey, although casually referring to it. Up to a few years ago the 
“ Purkinje” effect was always brought forward by authorities on the 
subject as one of the main reasons why it was impossible to give an 
absolute figure for the candle-power of an arc lamp ; although prob- 
ably angular variations of candle-power and departure from the law 
of inverse squares were of far more importance. However, the 
“Purkinje” effect did indicate certain physiological phenomena, anc 
it is therefore natural to suppose that if such effects were existent 
in the case of the flame arcs and the high-pressure gas lamps, thev 
would be of the nature indicated, and this is further supported by the 
relative sensitivity of vision for orange and green light at high and 
low values of the illumination. With illumination of the order of one 
foot-candle, the sensitivity for the two colours is approximately equal. 

Mr. Dow and Professor Marchant state that the luminometer is 
not a reliable criterion of the relative values of the illuminations tested. 
It is, however, probably quite as reliable as photometer tests where 
colour differences are concerned, and one eminent authority states 
that it is the only reliable ultimate criterion. In the case of our tests, 
however, we had a 23 per cent margin to cover discrepancies arising 
from abnormal physiological conditions or undefinable psychical 
effects. Mr. Trotter's opinion of our photometer is not exactly com- 
plimentary., Much of his criticism may be regarded as reasonable, 
as the instrument was admitted to be in some respects a compromise, 
having been modified from an earlier model. The fatigue was largely 
the natural result of using the telescope necessary with a flicker 
photometer. So much is admitted, but we cannot agree that the work 
actually undertaken could have been done with any of the other 
instruments on the market, and certainly not with illumination photo- 
meters. All accurate scientific measurements involve, as a rule, tiring 
observations and more or less complicated calculations. Much of the 
success of the work undertaken depended оп the care and accuracy 
with which the polar curves of the lamps concerned were obtained, 
and for this purpose the photometer used was eminently suited. 
Systematic methods reduced the incidental calculations to compara- 
tively simple operations. 

Mr. Trotter questions the desirability of uniform illumination, 
although not giving any reasons for doing so; the consensus of opinion 
expressed during the discussion, however, has been distinctly in favour 
of uniform illumination. Perfect uniformity is admittedly unnecessary. 
and in fact even undesirable, but a variation factor of 15 is in our 
opinion too high. 

The choice of a suitable size for the globes is not such a simple 
matter as might appear at first sight, and it is at, best a compromise, 
since the features affecting the design and operation of the lamps 
require as much consideration as the question of light distribution. 
Large globes would have altered the polar curves of the lamps, and 
the resulting distribution, of light to an appreciable extent, and the 
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necessary modification of the curves by means of graded frosting 
would have been by no means an easy matter ; further, it is extremely 
doubtful whether the results obtained would have been possible with 
large globes. 

Large globes certainly have an imposing appearance, but that this 
advantage is more than outweighed by their disadvantages is obvious 
from their gradual disappearance in recent years. 

The following are a few of the practical disadvantages : increased 
cost ; increased risk of breakage; mechanically weaker than small 
globes ; greater surface offered to wind, resulting in dangerous swing- 
ing; unsatisfactory on flame arc lamps owing to increased cooling 
surface, with consequent condensation troubles. 

We agree with Mr. Cooper’s remarks regarding vertical illumina- 
tion. Actually, in the case of objects in the roadway, only light from 
one source can be considered to be effective, but on the building line 
the resultant illumination from several sources may be obtained, just 
as in the case of horizontal illumination. It is precisely owing to the 
fact that horizontal illumination varies with the height of the poles that 
we advocate comparisons on the ground level, since any other level 
is bound to penalize the lamps fixed on the shorter poles. The reason 
for testing at a height of 5 ft. was clearly indicated, and was not due to 


any inconsistency. The coincidence of the mid-point on the horizontal _ 


illumination curves, Figs. 5, 6, and 7, was due to the fact that the slight 
increase in distance from the lamp to the ground level and the varia- 
tions in the polar curve just about balanced the effect of the reduced 
angle of incidence. The economizer is a necessary evil in a flame arc 
lamp, and its design does not offer much scope tor modification or 
improvement. No alterations were made in those used. The illumi- 
nation curves were in every case drawn from mean polar curves, most 
ot which were obtained from a very large number of observations 
taken in many cases over a period of several days, or even weeks. On 


one or two occasions, when tlre lamps were burning exceptionally well, . 


à complete polar curve was obtained in one evening. ‘The further 
information given regarding the visibility test will probably answer 
the points raised by Mr. Cooper. Departure from the inverse square 
law may be partly responsible for the increase ratio in favour of the 
arc lamps, but such an explanation is very doubtful. 

Mr. Angold and Mr. Solomon refer to the reflecting power of the 
globes now used. Their claims are to some extent supported by the 
results of our observations and tests. The frosting has not interfered 
with the reflecting power to any appreciable extent, but has enabled 
the lower portion of the outer globes to be usefully employed for 
defracting purposes, thereby removing the objectionable shadows from 
under the lamps and modifying the polar curves to such an extent that 
the light distribution has been vastly improved. 

With the exception of the rays between the horizontal and то deg. 
below the horizontal, it is extremely probable that the alteration in the 
shape of the outer globes had more to do with the improvement in the 
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imei light distribution than had the change in the position of the arc 

Ratcliff. obtained by raising the spinnings. Mr. Angold has apparently no! 
quite understood the explanation of the splash of light from the 
dioptric globes. The strong beam between 60 deg. and 80 deg. to 
the horizontal is certainly not the natural light flux from the arc 
in that direction, but rather a strongly focused beam caused b: 
reflection. 

In reply to Dr. Zettel regarding the cleanliness of the globes; tho 
on the high-pressure gas lamps were quite clean when tested, th 
lamps at the time being carefully nursed by the Gas Department. 
When testing the arc lamps in Portland-street, we took the globes x 
we found them, and they were doubtless in an average condition c 
cleanliness. Most of the purely experimental tests were made on : 
lamp specially suspended for the purpose, and in order to obtain coa 
sistent comparative results, it was usual to dust out the globes before 
commencing an evening's test. 

Complete sets of polar curves with different angles between the 
plane of the carbons and the photometer have not been obtained, a 
the work involved would have been enormous. Sets of observations, 
however, have been taken, and the following figures obtained at 
an angle of 24 deg. will give a guide to the extent of the maximum 
longitudinal variation. 


Position of Carbons. Relative candle-power. 
Broadside to photometer dis ius T T TEE 
Positive crater facing photometer  ... s .. O9 
Tip of negative carbon facing photometer .. 082 


It is interesting to note that Mr. H. T. Wilkinson advocates 
perfectly uniform illumination, although it has been condemned by 
such a recognized authority as Mr. Trotter. Incidentally Mr. 
Wilkinson does not suggest how his ideal is to be attained. It 

. therefore seems probable that our advocation of a moderate variation 
factor offers a more satisfactory general solution and one which should 
be applicable to all systems. Apart from being psychically mono- 
tonous, perfectly uniform lighting is invariably the outcome of freak 
methods of illumination. The authors consider that the lighting of 
Victoria-square, Birmingham, is perhaps the nearest complete approach 
to uniform lighting that they have seen. The effect is certainly very 
fine, but they venture to think that it is simply a spectacular show, that 
it cannot be regarded as a commercial piece of lighting, and that the 
cost must be tremendous. 

Mr. Cunliffe has evidently observed some of the shadows on the 
road surface caused by the arc lamps when fitted with the early exper 
mentally and temporarily obscured globes, hence his misconception of 
the nature of the contour curves. The curves mark the limits of 
certain definite foot-candle values, but between auy contour and the 
adjacent ones there is a continual and gradual variation in the intensity 
of the illumination. His remarks with regard to a visual comparison 
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of the illumination in Portland-street and Princess-street are quite in 
accordance with the results of our own observations, and Mr. Trotter 
has also expressed the same opinion. As the minimum illumination in 
the two cases is of the order of four to five, it would appear that a 
difference of 20 per cent is hardly noticeable to the eye without the 
aid of photometric appliances. 

Mr. A. Wilkinson refers to the canting of the globes. The existence 
of an appreciable amount of reflection has been claimed and admitted, 
consequently it is obvious that any tilting of the globe will deflect the 
reflected rays through an angle equal to twice the angle of tilt. Care- 
lessness on the part of the trimmers is apparently the chief cause of 
the tilting, and the remedy is therefore obvious. 

Mr. Locke's remarks are interesting, and his results are more or less 
novel. It should, however, be clearly understood that the methods 
which he advocates are in no sense photometric, since they are useless 
for comparing different light sources. Photometry must of necessity 
be to a large extent physiological in its nature, and all attempts to 
reduce it to a mere matter of physical chemistry are obviously futile. 
The results obtained are merely a measure of the actinic properties of 
the light rays. Elliptical globes were tried many years ago, but 
abandoned as impracticable. 

The difference between the eye during the daytime and at night, 
referred to by Mr. Record, is merely a result of its enormous power of 
adaptation to changing light conditions. Intensity of illumination is 
purely a matter of contrast, and consequently the flame arc lamps, if 
lighted during the daytime, are hardly noticeable, but that does not 
prevent them giving a magnificent degree of illumination after sunset. 

We are familiar with the “Trotter” photometer, referred to by 
Professor Marchant, and also others of a similar type. They are 
essentially illumination photometers, although it is possible to use 
some of them for candle-power tests. We have never used photo- 
meters of this type and do not consider them to be so suitable for the 
work undertaken as those of the candle-power or focusing type, such 
as the modified Simmance-Abady instrument which we used. 

Professor Marchant objects to the term “variation factor." 
"Diversity factor" was obviously a bad choice, as the term had 
already been appropriated for another quantity, and “diversity co- 
eficient” is likely to cause confusion owing to its similarity. The 
term “variation factor" has not previously been appropriated ; it is 
practically self-explanatory, and moreover it is euphonious. 

Mr. Cramp refers to the experience of the lighthouse authorities in 
connection with fog penetration. The explanation of the apparent 
want of agreement in the observed results is that our statement referred 
to flame arc lamps burning with a reddish-yellow light, whereas the 
lighthouse experiments were made with ordinary open-type carbon 
arcs, 

Mr. Chattock refers to the absence of shadows in the case of the 
lamps having vertical twincarbons. This might be naturally expected, 
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Messrs. as the globes are presumably opalescent instead of clear, and there are 
Pearce © по ash-trays. 


Mr. Crocker's remarks are very interesting, and as they are based 
on actual practical experience they constitute a valuable testimony to 
the general correctness of the statements made in the paper. The 
5 per cent limit of accuracy is quite sufficient for all street photo- 
metric work. 

Mr. Solomon's reference to the agreement between his own results 
and ours is certainly very satisfactory. Many of our curves had been 
obtained before his paper was published, and we were agreeably 
surprised to note such comparatively close agreement between labora- 
tory tests conducted under more or less ideal conditions and street 
tests conducted under anything but ideal conditions. 

Mr. Taylor's “maximum variation of foot-candles per foot run” | 
appears to be an unnecessarily complicated and not very practical 
quantity. If the variation factor is kept reasonably small the variation 
per foot run cannot be very excessive. Where the variation factor is 
very high Mr. Taylor's new factor might probably provide a criterion 
of the absence or otherwise of glare, which is largely due to marked 
contrasts. 

The automatic centrally controlled system described by Mr. Mitchell 
is very convenient and ingenious, although somewhat complicated. 
Such a scheme involving a complete network of pilot cables is only 
possible where facilities for-drawing-in exist ; in most cases the cost of 
opening up the ground for the purpose of laying them would be pro- 
hibitive. We have had very satisfactory results with clock-controlled 
Switches. It is interesting to note that Mr. Mitchell regards the 
* Manchester" type of globe as inevitable if competition is to be 
faced. The condensation of fumes when using dioptric globes has 
not been observed to any appreciable extent, but the globes were onlv 
used experimentally for comparatively short periods. 

Mr. McWhirter has mis-read our claims for the accuracy of the 
photometric measurements. Five per cent was stated to be the prob- 
able limit of accuracy, and a strong doubt was expressed as to the 
possibility of guaranteeing results to an accuracy of 3 per cent. In 
any casc, as he aptly remarks, the comparison between the gas and the 
electricity tests results would be unaffected by any errors in the 
absolute values of the measurements. 

Mr. Langlands has a strong partiality for laboratory tests. No 
doubt laboratory tests have their advantages, particularly in connection 
with experimental work, but we consider that owing to the doubtful 
application of the inverse square law in many cases, and for other 
practical reasons, the final judgment should be based upon actual tests 
taken in the street under working conditions. Laboratory tests of high- 
pressure gas lamps are invariably quoted, and are invariably better 
than results obtained in the street. е 

Mr. Robertson favours the practice of specifying the candle-power 
„ОЁ lamps at certain definite angles. It is, however, quite wrong 1n 
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principle, and encourages the production of freak lamps. What is 
actually paid for is illumination, and this should be specified. Low 
candle-power units may have a pleasing effect, but they cannot com- 
pete with high-pressure gas. 

Several speakers have criticized the frosted globes, and compared 
'them unfavourably with dioptric ones. Fortunately the test results pro- 
‘vide ample vindication of the graded frosting. Professor Marchant 
mentions absorption, but actually there is very little as the larger portion 
of the globe is clear, and the frosted portion forms a defracting surface 
which improves the distribution ; the absorption is comparatively 
slight, and quite negligible, since it is at an angle at which the natural 
polar curve of the lamp may with advantage be modified. Professor 
Schwartz considers that the desired effect has been very cheaply 
obtained at the expense of a little absorption. Mr. Bailey's remarks 
convey the impression that successful dioptric globes are difficult to 
design, and still more difficult to make ; on these grounds alone, there- 
fore, the frosted globes have a strong advantage, which is quite sufficient 
to balance the slight superiority of the dioptric ones in the matter of 
light distribution. Mr. Trotter admits the success of the results 
obtained with the graded frosting, and then proceeds to criticize the 
method. The frosted globes are admittedly crude dioptric ones, but 
only in so far as defraction may be regarded as irregular refraction. 
The analogy of the steam engine brake is hardly a tenable one, since 
the frosted globes greatly improved the light distribution without 
reducing to any appreciable extent the maximum candle-power of the 
lamps at angles of importance. 

Mr. Dow also refers to the improvement in the distribution curve 
of the lamps obtained with the graded globes. It is evident from the 
curves that the primary object of the frosting was to remove the 
shadows under the lamps and reduce the intense splash of light at angles 
of 40 deg. to 70 deg. to the horizontal. It also follows as a matter 
of course that the glare was very much reduced ; this point, however, 
is referred to elsewhere. The action of the globes used is somewhat 
complex and they are actually giving: direct rays, regular reflection, 
defraction, irregular reflection, slight diffusion, and slight absorption. 
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SOME PROBLEMS IN TRACTION DEVELOPMENT 
—TRAMWAY FEEDING NETWORKS. 


By J. G. CUNLIFFE, M.Sc.Tech., and R. G. CUNLIFFE, 
M.Sc.Tech. 


(Paper first received 24th October, and in final form 6th December, 1912; 
read before the MANCHESTER LOCAL SECTION, 3rd December, and before 
the BIRMINGHAM LOCAL SECTION, 4th December, 1912.) 


The object of this paper is to present a suggestive treatment of the 
modifications which, as a result of continued development, are rapidly 
becoming necessary in the design of the feeding networks of many 
large tramway undertakings and in the legislative limitations imposed 
thereon. 

Street traction history has shown that, with increasing traffic 
density and greater distances traversed, consequent upon rapid growth 
of the cities, the methods of application of the requisite energy have 
been subject to continual change, and that, even after electrification, 
the equipments have undergone frequent transformation, generally 
piecemeal, but in some cases, as at Chicago, resulting in the complete 
rehabilitation of the whole undertaking. 

Larger and more powerful cars are continually being adopted, 
and are run at closer intervals. "Traffic stops increase in frequency, 
necessitating a quicker acceleration in order to maintain the schedule 
speed, and the rate of consumption of energy per car is greatly 
increased, The net result of this increased rate of consumption and 
of the reduced headway is to cause a still greater increase in the 
intensity of electrical loading as expressed in kilowatts per mile. These 
effects are illustrated by the comparative operating statistics given 
in Fig. 1 as between various undertakings, and by the curves in Fig. ? 
for a particular undertaking. The values of the ratios illustrated by 
Fig. 1 are average ones only, the maximum values being much greater, 
and bearing, in general, no relationship to them. Thus at Manchester, 
owing to the small extent of the “City area," the rate of electrical 
loading at the centre is some r,500 kw. per mile of route, and the 
rate of energy consumption of a car is some 38 per cent greater at the 
city end than at the suburban end of a route. The intensity of 
electrical loading at London is very high, but is only of passing 
interest here, as the general case alone, with overhead principle of 
operation and uninsulated return circuit, is considered. Special refer- 
ences are made to Chicago owing to its very heavy loading, and to the 
fact that by the courtesy of Mr. Bion J. Arnold and the Board of 
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Supervising Engineers the authors have been placed in possession of 
detailed accounts of the whole of the rehabilitation work. 

If the number of supply stations were increased in proportion to 
the increase in the intensity of electrical loading, the nature of the 
feeding problems would remain practically unchanged, but this is not 
the case, the capacity of the stations increasing rapidly. Thus at 
Chicago several of the sub-stations are designed for an ultimate 
capacity of 18,000 kw., whilst sub-stations of 12,000 kw. capacity are 
not uncommon. These large stations are interconnected by heavy 
cables, which generally serve also as feeders. 

It is obvious that, under these circumstances, in view of the strict 
limitation of the line pressure the governing factor in the feeder 
designs must, at some stage in the development, change from overheating 
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Curve A = kw.-hours per car-mile. 
» В = kw.-bours per ton-mile. 
» С = car-mileage run. 
» D = average weight per car. 


to pressure drop, and that boosting must ultimately be resorted to. 
Boosters have hitherto been adopted in isolated cases only, mainly in 
Great Britain, but electrical energy is very cheap in many foreign 
cities, and their use will undoubtedly become more common. As the 
intensity of loading increases, special means become necessary in 
order to maintain the rail drop at a sufficiently low value, and negative 
boosters must ultimately be adopted. The main principles under- 
lying the use of boosters both positive and negative are therefore 
considered. 
POSITIVE FEEDING. 


With light loading and few supply stations the system of feeding 
illustrated in Fig. 3, A, is generally employed, and consists of feeders 
supported by distributors which may or may not be graded in size 
according to the nature of the load variation and to the special duties 
which they may be required to fulfil. With a large number of supply 
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stations, as at Manchester and Liverpool, the simple feeder system 
shown in Fig. 5, B, is employed, since, even with the short lengths of 
feeding section available, with economical distribution through the 
trolley wires alone, the feed points are nearer to the stations than to 
each other. As the intensity of electrical loading increases, the length 
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Fic. 5. —Methods of Positive Feeding. 


A. British Standard with side leads and distributors (Birmingham), 
B. British Standard with side leads and simple feeders (Manchester). 
C. Chicago Surface Lines. 

D. Chicago Elevated Lines. 


of feeding section rapidly diminishes, and with very heavy loading, 
owing to the reluctance of engineers to employ feeders much larger 
than 1 sq.in. in cross-section, the simple feeder system of feeding 
is universally adopted, although, in many cases, with modifications, as 
at Chicago, where the feeder is continued throughout the whole length 
of the section and tapped on to the trolley wires at intervals of from 
three to six spans as shown in Fig. 3, C, the conductivity of the trolley 
wires being ignored in the design. 
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The conductivity of the trolley wires is a matter of importance with 
the feeding system illustrated in Fig. 3, B, and at Manchester their 
section is increased on renewal, according to the intensity of electrical 
loading, this being.a temporary expedient until such time as the instal- 
lation of additional feeders is justified by the increased intensity of 
loading, the rate of consumption of energy being reduced by this and 
similar means as shown by the shaded area in Fig. 2. 

Several feeders are often operated in parallel for the purpose of 
preventing too frequent opening of the circuit-breakers controlling 
very heavily loaded sections ; and, even with very short sections, it is | 
observed that, owing to the relatively high conductivity of the feeders 
as compared with that of the trolley wires, the feeders do net share the 
load equally, the centre of gravity of the load moving over a range of 
quite half the length of the section. As the whole of the copper must 
be fully utilized, this has led to the use of heavy feeders with several 
short sub-feeders radiating to the adjacent feed points. This method 
is becoming very common, more especially for the feeding of compli- 
cated networks. It is merely the natural outcome of continued 
development of the distributor system of feeding. 

At Chicago the length of the feeding sections situated in the 
immediate neighbourhood of the station is such as to load the standard 
500,000 C.M. (0°3927 sq. in.) feeders to the limit of their safe-carrying 
capacity, but the more distant sections are of such a length as to give 
a limiting pressure drop of 50 volts on the same standard feeder, which, 
however, is doubled in size if the loadirf is very heavy and the distance 
great, the current density being greatly reduced. The methods of 
design have been fully described in a paper* by Mr. R. H. Rice, 
Assistant Engineer to the Board of Supervising Engineers, and the 
importance of pressure drop is shown by the fact that the equipments 
have been designed for a working pressure of 600 volts, which is also 
common to other very heavily loaded undertakings. 


OVERCOMPOUNDING. 


Little relief can be afforded long feeders by overcompounding, as the 
permissible pressure rise at the busbar is limited by the pressure rise 
which may be allowed at the feed points of the shorter feeders, and 
this should not exceed то per cent. If a pressure drop materially 
in excess of 1o per cent is, for economical design, required in the long 
feeders, therefore, it becomes necessary to employ separate positive 
boosters. 


POSITIVE BOOSTING. 
It is unsafe to operate a group of separate feeders from a common 
booster owing to therisk of abnormal pressure rise at the feed point of 


a temporarily lightly loaded section, and although, by parallel operation 
of the feeders, this risk may be avoided, the practice leads to unequal 


* journal of the Western Society of Engineers, vol, 15, p. 367, 1910. 
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distribution of the load amongst the feeders, the shorter ones being 
overloaded. For satisfactory operation, therefore, a separate booster 
ought to be installed in each long and heavily loaded feeder, and with the 
heavy loading under consideration this would often be practicable. In 
order, however, to avoid the installation of a large number of boosters of 
varying capacity the authors would suggest that advantage be taken of 
the method already described of employing main feeders, each having 
several short sub-feeders. The arrangement is illustrated in Fig. 4, 
and the pressure drop in the main feeder alone would be compensated 
by the booster, so that the sub-feeder busbar would be maintained at 
a constant potential, the design of the sub-feeders being governed by 
considerations of overheating alone, and their load fluctuations not 
materially affecting the pressures at the feed points. 

Automatic circuit-breakers with tell-tale indicatorsat the generating 
station, whence they could, ií desirable, be operated by remote-control, 
might be installed as shown in order to confine the area affected by a 
feeder breakdown, and would immediately localize the fault. A some- 
what similar system to that shown in Fig. 4, but without booster, is em- 
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FIG. 4.—System of Feeding by Sub-feeders, with Main Feeder only 
compensated for Pressure Drop. 


ployed on the lines of the New Jersey Public Service Railway Company, 
U.S.A., the circuit-breakers in this case being mounted on cross-arms 
on a traction pole, and fitted with tell-tale indicators to the nearest 
office. They would be better placed in a manhole. 

Engineers are so familiar with the principles of positive feeding 
that novelty is possible only in their application, and hence the light 
treatment, but this does not apply with the same force to negative 
feeding, concerning which there is still considerable difference of 
opinion. 

NEGATIVE FEEDING. 

The general method of negative feeding is by means of separate 
feeders, as illustrated by Fig. 5, B. It is impossible to divide the rails 
mechanically into definite feeding sections as is done in the case of 
the * line," and all negative feeders from any station must be operated 
in parallel, the difficulties encountered arising from the resulting lack 
of exact control of the load distribution in the rails. The conditions 
are exactly the reverse of those applying to the parallel operation of 
positive feeders, the conductivity of the four rails of a double track being 
equal to that of some 4 sq. in. of copper, and hence greatly superior to 
that of any individual negative feeder. It follows, therefore, that with 
light loading the amounts of current returning by the respective 
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feeders, if of the same size, will be almost inversely proportional to 
their lengths, and in order to compel the longer feeders to do their 
duty they are in some cases made heavier than the shorter ones. In 
other cases resistance is inserted in the shorter feeders. 

However carefully the negative feed points may be selected the 
distribution of the return current amongst the feeders with very heavy 
loading is to a far greater extent influenced by the nature of the load 
distribution, and there cannot be without excessive outlay in copper 


Rails, heavily Cross-bonded. 


Negative Feeders, bonded together 


Station 


Rails, Cross-bonded. 


Separate Negative Feeders 


Station 
Fic. 5.—Methods of Negative Feeding. 


А. Chicago Tramways, B. British Tramways. 


more than one point in the track on each side of the supply station at 
which there is no current flow, 2.е. the rails on each side of the station 
cannot be divided into more than two feeding sections in which the 
directions of current flow are mutually opposed, the direction near the 
station being outwards from it. It is merely a question of the balance 
of potential, etc., following Kirchhoff's laws. The balance point be- 
tween the two sections can, for fixed loading conditions, be moved 
farther from the station by increasing the resistance of the shorter 
negative feeders or by reducing that of the longer ones, and vice versa, 
but the extent to which this can be economically done with very 
heavy loading is limited by the pressure loss in the feeders and 
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resistances, the other alternative being too expensive in copper. For 
a given length of track with increasing loading the maximum per- 
missible rail drop is ultimately attained when copper must be provided 
to carry any additional current, and as this copper is operated at a 
very low current density its use is very uneconomical. 

At Chicago, the 129-lb. rails are reinforced, as shown in Fig 5, A, 
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Fic. 6.—Negative Booster Connections. 


A. Glasgow, Sheffield, etc. B. Leeds. 


by bare copper cable increasing in section from 500,000 C.M. 
(0°3927 sq. in.) on the outskirts of the sub-station area to 10,000,000 C.M. 
(7854 sq. in.) in the neighbourhood of the station, and even with 
this great outlay there is much electrolytic trouble. The direction 
of flow is uninterrupted, and if the bonds were cut and the cables 
separated, the longer ones would bring back more current. 

In order to split up the track into smaller areas additional sub- 
stations have in some cases been installed, but this is evidently 
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uneconomical, as it is contrary to the tendency of modern practice, 
this being, as has been stated, to increase the capacity and not 
the number of sub-stations. Even with a greater number of sub- 
stations the difficulties are only alleviated ; they are not necessarily 
removed. 

By the use of negative boosters the track may be divided into 
definite feeding sections almost as perfectly as is the line, and the 
flow of current in the rails may be controlled in a manner which 
is almost ideal; but in the few cases in which negative boosters are 
in use this has not been done, no definite principle having been 
adopted, the boosters serving merely as a means of compelling long 
negative feeders to do their duty without excessive outlay in copper, 
the principles underlying the application being the same as in positive 
boosting. 

Thus, Glasgow has a negative booster mounted on the shaft of 
each rotary converter at the sub-stations, and provision is made, as 
at Sheffield, for switching any booster on to any one of the long 
negative feeders, or on to a group of long negatives as shown by 
the connections illustrated in Fig. 6, A. At Glasgow and Sheffield 
the negative boosters are excited from positive feeders, but at Leeds 
there is a large negative booster, capable of being switched on to 
a group of long negative feeders, excited from a shorter negative 
feeder as shown in Fig. 6, B, whilst several smaller boosters, used 
on occasions of heavy traffic, are excited from positive feeders. A 
negative booster has been in use for some time at Birmingham in 
order to maintain the feed point on a route, served by a long negative 
feeder, at the same potential as that on another route fed by a shorter 
negative from the same station, whilst the authors know of no case of 
the use of negative boosters in America, and of only two cases—at 
Dantzig and Rouen—on the Continent. The application of the 
negative booster at Manchester on the principle of definite sectionaliza- 
tion of the rails is discussed later. 


CORRECT PRINCIPLES OF NEGATIVE FEEDING. 


In order to understand the correct principles of negative feeding it 
is necessary to study the effects on the flow of vagabond current of the 
various methods of feeding, since protection from electrolysis is the first 
object of the design. 

With a uniformly distributed load, such as is approximately obtained 
with cars spaced at short intervals, the potential of the rails at any point 
with respect to the negative feed point is represented by a parabolic 
law ; and if the curve of potential gradient in the rail is dropped until 
the two areasenclosed between it and the datum line are equal, as shown 
by the broken lines in Fig. 7, A, the area enclosed above the rail will 
represent theamount of vagabond current leaving the rail, whilst the area 
enclosed below the rail will represent the amount of current re-entering, 
the curve itself then representing the absolute potential of the rail, 
and also the vagabond current density at any point, the point O of 
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intersection being the point at which the rail is at normal earth 
potential. 

The broken lines shown in Fig. 7, A, represent, neglecting any 
mutual effects, such curves of absolute potential for the two sub-sec- 
tions of rail, the left-hand one of which is supposed to have (whether 
owing to greater length or to heavier loading is immaterial) a higher 
value of rail drop than the right-hand one. The point X, however, being 
common to the two sub-sections, must have a potential represented by a 
point on both curves which will accordingly be shifted to some positions 
such as those represented by the full lines, when it is evident that the 
two neutral points must be moved to the right and that there must be 
an interchange of vagabond current between the two sub-sections as 


Negative Feeder 
Fic. 7.—Unbalanced Sections. 


In A— 


Broken line = absolute potential gradients of sections considered independently. 
Full line = absolute potential gradients of sections considered jointly. 


A. Mutual effects of unbalanced sections. 
B. Interchange of vagabond currents between sections, 


shown in Fig. 7, B. The higher rail drop is reduced and the lower one 
increased, the tendency being to reduce their values to equality. 

In considering the absolute potential conditions of any sub-section 
full allowance must be made for the effects of other sections at a 
different absolute potential, and a sub-section may from this cause 
be rendered wholly negative with respect to earth, whilst safety 
and danger zones may be situated at totally unexpected places. 
Evidently then it is of importance that all sub-sections should have 
approximately the same value of rail drop, i.e. that all negative feed 
points should be at the same absolute potential. This conclusion, 
based on the authors' researches into vagabond current phenomena 
described in a previous paper,* also forms one of the recommendations 
of the recent joint Commission + representing the Verein von Gas- und 


* Sournal of the Institution of Electrical Engineers, vol. 43, p. 449, 1909. 
] Elektrotechnische Zeitschrift, vol. 31, p. 491, 1910. 


1 
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Wasserfachmánnern, the Verband Deutscher Elektrotechniker, and 
the Verein Deutscher Strassenbahn- und Kleinbahn-Verwaltungen, 
which will govern future German practice. 


| 
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Fic. 8.—Negative Boosting Conditions. 
A. Uniform Loading of Sub-sections. 
Index— 


X = negative feed ро. . 


Y, Y’ = artificial dividing points created by negative booster suction. 
0, 0' = neutral points. 
a o b, ao' d = absolute potential gradients, and are identical. 
Yc, Y'c = loading at any point in the rails. 
L = 1 = length of sub-section. 


gsi B. Unbalanced Loading of Sub-sections. 
> І. 
Xc, X c' = loading of sub-sections. 
Y b, Y'd = absolute potentials at dividing points. 
X a = common absolute potential at negative feed point. 


For a given rail drop the authors have previously shown the vag?" 
bond current to be proportional roughly to the square of the length 


of sub-section, so that it is of importance that such length should be a 
minimum. 
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IDEAL NEGATIVE BOOSTING. 


The general use of negative boosters alone permits of the attain- 
ment of the two ideal conditions, viz. :— 


I. Uniform absolute potential at the negative feed points, and 
hence no interchange of vagabond current. 

2. Minimum length of sub-section, and hence minimum vagabond 
current. 


Further, full advantage is taken of the high conductivity of the 
track ; the rail drop is easily maintained at a low value; the pressure 
loss in the negative feeders is no longer subtracted from the supply 
pressure ; great potential-difference between the negative busbar and 
earth is avoided, and, finally, with heavy loading a very material reduc- 
tion may be obtained in the amount of return copper as compared with 
the amount required to obtain satisfactory conditions, even if they could 
possibly be obtained, without boosters. The saving in cost over the 
installation of additional sub-stations would be very considerable. 

Economy in copper, however, must on no account be allowed to 
influence the amount of current to be brought back by any individual 
booster or the number of boosters to be employed. A maximum per- 
missible value of rail drop must be adopted, and the amount of current 
to be returned must be determined solely by such rail drop considered 
in conjunction with the maximum intensity of loading and the specific 
conductivity of the track, with due allowance for increase of traffic, and 
it is in the determination of the booster voltage that the saving in copper 
may be balanced against the cost of dissipated energy. 

The problem is—knowing the maximum and average intensities of 
loading at all points along the routes—to divide each route into negative 
feeding sections, each of such length that its own current flowing to its 
selected feed point shall split it up into two sub-sections having equal 
rail drop opposed in direction as shown in Fig. 8, A, which illustrates the 
absolute potential gradients, and shows by means of arrows the direction 
of current flow in each of the sub-sections of rail of lengths L and / 
respectively, the conditions illustrated being applicable to sub-sections 
of equal lengths, equally loaded. This rail drop must have the same 
value on all sub-sections. Fig. 8, B, illustrates the conditions to be 
obtained in cases of unequal intensity of loading in the two sub- 
sections. The lengths L and / must each be such as to give the 
common rail drop, with their different conditions of loading, when 
there will be no interchange of vagabond current. The length of each 
sub-section may be determined by the following considerations :— 


Let— 


i, I = maximum intensity of loading in amperes per mile on the 
respective sub-sections, 
R = specific resistance of track in ohms per mile, 
L, 1 = respective lengths of sub-sections in miles, 
V = maximum permissible rail drop in volts. 
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Typical values of the length L of sub-section and of the booster 
current, with two such sub-sections, are given in Fig. 9 for various 
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Fic. 9.—Negative Boosting. 


Curve A. Total load on negative feeder—amperes. 
» В. Max. pressure gradient in rails—volts per 100 yds. 
» С. Max. current density in rails—amperes per square inch. 
» D. Length of each sub-section in miles = L. 
Total length of section — 2 L. 
The curves apply to a maximum rail drop of 7 volts. 


Nole.—With a limit of 9 amperes per square inch the limit of loading is 200 amperes per mile. 
Contrast above limits with the value of 4,000 amperes per mile taken from actual American 
practice, and upwards of 2,000 amperes per mile from British and Continental practice. 


intensities of loading with double track composed of 105-Ib. rails of 
British standard section and corresponding to a rail drop of 7 volts. 
The values of current show that the boosters would be quite large 
enough to justify a separate one to each negative feeder with heavy 
loading, whilst, if a higher rail drop than 7 volts were allowed, or if 
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rails of a heavier section were employed, both current and length of 
section would be larger, т.е. the size of the boosters would be increased 
and their number reduced. The total length of section if the sub- 
sections were equally loaded would be twice the value shown in 
Fig. 9. 

In practice, however, the feeders would in the majority of cases be 
run to junctions, when the values given in Fig. 9 would be doubled and 
the number of boosters almost halved, a slight sacrifice being made in 
the resulting conditions to effect this end. The ideal conditions could 
not in any case be perfectly obtained owing to imperfect distribution 
of the load, regulation of the boosters, etc., but the conditions actually 
attained would be greatly superior to the best that could be obtained in 
any other way. Many unboosted feeders could still be retained where 
favourably situated. Each booster should be excited from the grouped 
positive feeders serving the same area. 


COMBINED USE OF NEGATIVE BOOSTERS AND UNBOOSTED FEEDERS. 


The application of the negative booster is not likely to become 
sufficiently general to permit of the attainment of the ideal conditions, 
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Fic. 10.—Negative Boosting. 


A, B, C and F = boundaries of system. 
D and E = negative feed points. 


Line previously supplied by E only. 


but the latter should be kept in mind. In the most general cases 
a booster is required either occasionally or continuously to operate 
a long negative feeder in parallel with shorter ones, and gives satisfac- 
tion provided the permissible maximum rail drop is not exceeded. 

An installation of this kind designed by the authors to deal with 
very heavy football traffic is illustrated in Fig. то. The heavy loading 
was experienced between the football ground shown and the boundary 
at A, B, C, and the rail drop between these points and the point D was 
found to be below 7 volts. The negative booster was so designed that 
an artificial dividing-point was created at X and moved with varying 
load distribution over a range such that it never reached the point D 
of attachment of the boosted feeder. In this way the section was split 
up into three sub-sections, the direction of flow of current in each being 
indicated by the arrows. The rail drop in each sub-section was main- 
tained below 6 volts, and although the total drop from D to E could not 
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be reduced to zero—the ideal value—it was reduced to 2 volts as against 
18 volts without the boosted feeder. This imperfect balance of potential 
was due to the loading of the sub-section E F, which was beyond the 
control of the booster. In this way alone, by splitting up the section 
into sub-sections with their directions of flow mutually opposed under 
all conditions of loading, could the rail drop under such difficult con- 
ditions be maintained below 7 volts. The practice of connecting a 
group of long negative feeders to a single booster would not be possible 
with really heavy loading, nor would that of exciting the booster from 
a shorter negative feeder, and in any case with such methods the track 
sectionalization is not definitely assured. 


SUPERIMPOSED RETURN CIRCUITS. 


The authors have known cases where return current from a section 
fed by long feeders from one station entered another station by its 
negative feeder, flowed through its generators along its trolley wires, 
and through the equipments of its distant cars to re-enter the former 
station by a shorter negative feeder on another route. This would not 
occur if the potential at the negative feed points were uniform, and 
cannot be prevented by merely equalizing the resistances of the 
negative feeders, although it can be minimized, since such equalizing 
is correct for one value only of the load distribution. With boosters it 
is correct for all values. 

LEGISLATION. 

It has been shown by the authors in their previous paper that one 
regulation alone is of any use in assisting in the prevention of electro- 
lysis, viz. limitation of the maximum permissible rail drop, and other 
regulations are not merely useless, and often contradictory, but may 
impede progress. Thus, for instance, for a given rail drop the 
potential difference between the railand a pipe at any point is definitely 
fixed and is beyond control. 

There are two regulations in particular which would effectually 
prevent the use of the ideal system of negative boosting, viz. the British 
limit of 9 amperes per square inch in current density in the rails, and the 
present Chicago limit of steepness of potential gradient in the rails, 
which must not exceed 1 volt per 1,000 ft. in the down town sections 
and 1 volt per 700 ft. in other places. The latter is a reflection of the 
old French administrative rule of 1 volt per kilometre also adopted for 
suburban lines by the German Commission. 

The maximum values of current density and rate of fall of potentia: 
in the rail with the ideal boosting conditions, British standard 105.lb. 
rails and 7-volt rail drop, are illustrated by the curves B and C given 
in Fig. 9, whence it is obvious that the above values would be far too low. 
And yet the conditions in Fig. 9 represent the maximum of safety. 
The limitation of current density in the rails has been adopted as the 
most practical way of limiting the local steepness of the potential 
gradient to a maximum of o'5 volt per 160 yds., so that the two regu- 
lations are really identical in nature and are based on the fear that 
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with a potential difference of, say, 1 volt per 100 yds., there would be 
a heavy flow of current in any metallic structure which happened to 
approach the rails at two points several hundred yards apart. It is 
clear, however, from the curves shown in Fig. 8 that these high values 
are obtained only in the neighbourhood of the negative feed points, 
where at no single point could current leave the rails, and the danger 
is purely imaginary. 
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Fic. 11.—Voltage Drop in a Pipe in Terms of the Rail Drop and Distances 
| from Rail. 


A. Pipe and rails in soils free from electrolytes. 

B. Ground impregnated for 12 in. round rail with strong electrolyte. 
C. As B, but electrolyte extending 36 in. 

D. As B, but electrolyte extending 6o in. 

E. As B, but electrolyte extending 96 in. 


Nofe. — Curve A represents the general case, the other cases being very exceptional with 
standard track construction. 


It is widely believed that with very heavy loading the British limit of 
7-volt rail drop would be prohibitive, but with negative boosting this 
would not be the case. The German Commission already referred to 
recommends a maximum value. of 2'5 volts, but this is too low, as the 
7-volt limit has proved to be a reasonable insurance against damage, 
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which is all that should be expected. A value recently incorporated 
into the City ordinances at Chicago of 12 volts maximum is considered 
very harsh, but the curves given in Fig. 11 show that the pressure drop 
along a pipe situated within 3 ft. of the rails may easily exceed 
Io per cent. of the total rail drop, and so values greatly in excess of 
7 volts are not to be encouraged. 


CONSTRUCTION. 


Legislation alone cannot provide complete protection against 
electrolysis. It must be assisted by careful construction. Metallic 
structures must not approach within 3 ft. of the rails (the German 
Commission recommends I metre), and in new construction or recon- 
struction care must be taken to reduce to a minimum the number of 
poles which require to be bonded to the rails as these pass down 
amongst the pipes beneath the footpath. 

Guard wires ought to be insulated from the poles and “ earthed” 
by means of insulated cables passing down the interior of the poles to 
the rails, and poles carrying gas-lamps ought to have triple insulation 
rather than to be bonded to the track, as the latter is equivalent to bond- 
ing the pipes themselves to the track, which is bad practice. 
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DISCUSSION BEFORE THE MANCHESTER LOCAL SECTION ON 
3RD DECEMBER, 1912. 


Mr. B. WELBOURN : I am pleased to find myself in agreement with 
the authors as to the ideal to be attained in the negative feeder arrange- 
ments of any tramway system, in endeavouring to bring the points of 
connection of the tramway feeders to the rails to a uniform potential 
throughout, so that all the negative feeders shall be used in the most 
economical manner. If this could be brought about, it would make 
electrolysis of adjacent metallic structures an entirely negligible quantity. 
The mention of superimposed circuits reminds me of a patent brought 
out by the late Mr. J. R. Salter. I do not know if it was put 
into practice. It was intended that, on a tramway system where the 
feeding was done from both ends, there should be overlapping of the 
positive and negative feeders, and the idea was that the return currents 
in the rails should balance one another and should decrease the drop in 
the rails. I should like to know whether the system was tried in 
practice on the Lancashire United Tramways, or elsewhere, and with 
what result. 

The question of whether to use negative boosters and the solution 
of other problems in tramway engineering are really only financial 
questions, and one looks round to see whether there is any other way in 
which the problems can be solved at the same or lower cost. I am not 
sufficiently familiar with the early history of tramways to know what 
caused the adoption of 500 or 600 volts C.C. as the standard 
pressure. It is evident now, however, that if it were practicable an 
immense advantage would be gained by raising the pressure which 
is used. Have the authors really considered the raising of the pressure 
on the trolley wire, and if not, would they be good enough to do so, and 
give us the result of their investigations at some other time? "The 
authors mention a loading of 1,500 kilowatts per mile of route in 
Manchester. At боо volts this means that 2,500 amperes have to be 
dealt with in the track ; but at a pressure of 1,500 volts, which is now 
being considered for continuous-current railway work, the current 
would be reduced to 1,000 amperes. If the pressure could be raised 
there would thus be a very large decrease in the cost of both the positive 
and negative feeders, and there. would also be other consequential 
advantages, such as a reduction in the number of sub-stations, the 
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extension of the area of operation of the tramways, etc. I do not know 
what view the Board of Trade would take, but there is no inherent 
difficulty in insulating or in making trolley wires perfectly safe over the 
streets, even if it 1s necessary to resort to an auxiliary suspension to 
prevent a broken wire from falling into the street. It isforthe designer 
of tramway equipments to say what is the practical limiting voltage for 
which tramway motors, controllers, and other gear can be constructed. 
I do not suggest that the general raising of the pressure on all tramway 
systems is immediately practicable, or advisable, but I do think that this 
is a question which might be usefully considered in cities such as 
Manchester. Where the loading is heavy, and where what the authors 
call * rehabilitation " of the system has to be dealt with from time to 
time, it might not be practicable to make a complete change-over to a 
higher voltage at once, but a commencement might be made when 
opening out a long new route. 

Mr. S. L. PEARCE: It would have been very interesting to us if we 
could have had some of the subject-matter which I know the authors 
were proposing to introduce into this paper, giving particularly some 
concrete figures of the Manchester tramway system, to show the effect 
of the increased traffic service and the effect of increasing the pro- 
portion of the larger to the smaller cars in relation to the question 
of the power. The authors tell us that the energy consumption per car 
is some 38 per cent greater at the city end than at the suburban end of 
the route. I should have liked the figures dealing with the kilowatts of 
maximum demand per car to have also been given, as these would have 
shown what a striking increase of power has been required owing to 
the increase in the car service conditions. The paper deals mainly with 
the subject of negative booster systems. In Manchester we have a 
large number of sub-stations, and the particular subject is not of such 
vital importance in Manchester as it may be in other systems having 
a smaller number of sub-stations to feed approximately the same area; 
the authors have told us, for example, that at Glasgow there are only 
six sub-stations as against nineteen in Manchester. 

On page 694 the authors state that “in view of the strict limitation 
of the line pressure the governing factor in the feeder designs must, at 
some stage in the development, change from overheating to pressure- 
drop, and that boosting must ultimately be resorted to "—that is rather 
a sweeping statement; I take it that it entirely refers to continuous- 
current 600-volt systems, as of course it would not be actually correct 
if one considered the case of mixed systems, i.e. E.H.T. transmission 
and low-tension distribution. 

On page 695 the authors refer to “the reluctance of engineers to 
employ feeders much larger than 1 sq. in. in cross-section " ; we have 
had occasion to look into that recently in Manchester, and have come 
to the conclusion—and I believe we are following Continental practice— 
that where a total cross-section of 1 sq. in. is necessary it is better to use 
two 4 sq. in. cables rather than one 1 sq. in. The current density can be 
raised much higher with two } sq. in. cables than with one 1 sq. in. ; and 
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even after allowing for the slightly increased cost of the cables, the 
larger section of troughing, etc., it will still be found to be a commercial 
proposition to use two 4 sq. in. cables in place of one 1 sq. in. 

On pages 697 and 698 there are two statements which at the first 
glance may possibly seem somewhat contradictory. The authors state 
that the * amounts of current returning by the respective feeders, if of 
the same size, will be almost inversely proportional to their lengths," and 
then later they go on to say that the “ distribution of the return current 
amongst the feeders is to a far greater extent influenced by the nature 
of the load distribution." Our experiencein Manchester is that the low 
resistance of the rails, to which the authors have drawn our attention, 
will to a very great extent swamp the load distribution, and therefore it 
has been found that employing, as we do, resistance in the short 
negative returns to a limited extent, the current does return by the 
respective negative feeders in the inverse proportion to their lengths. 
1 quite agree with remarks the authors make with regard to Fig. 5, А; 
frequently it will be found that it is far better to cut the bonds and 
allow the separate negative feeders to bring back their own current 
respectively: 

There is an interesting statement near the top of page 699 :— 
" For a given length of track with increasing loading the maximum 
permissible rail drop is ultimately attained when copper must be pro- 
vided to carry any additional current, and as this copper is operated at 
a very low current density its use is very uneconomical." I entirely 
agree with that statement ; in fact it seems to me that it is quite a 
mistake to put copper in parallel with the rails; if there is any copper 
to spare I suggest that it should go into the negative feeders. 

Near the top of page 700 the authors say, “ By the use of negative 
boosters the track may be divided into definite feeding sections almost 
as perfectly as is the line, and the flow of current in the rails may be 
controlled in a manner which is almost ideal" I lay stress on the 
word “ideal” bearing out the remarks of Mr. Welbourn when he very 
rightly emphasized the necessity of bringing us back to the £ s.d. 
point of view when considering this question. I agree it may be ideal, 
and is ideal, but is it commercial or is it really necessary that the flow 
of current should be controlled in a manner which is almost ideal? 
There is a very great difference between having “ necessary” con- 
ditions and “ideal” conditions. In a previous paper by the authors * 
it was pretty well established that there was no case of electrolysis in 
Manchester. Of course to a very great extent that may be due to the 
fact that we have a large number of sub-stations with short feeders, 
but probably the authors have rather over-emphasized the necessity 


of achieving the “ideal.” With the view of closely approximating 7^ 


to these ideal conditions we do in a good many cases use a resistance 
on the short negative returns and so secure all that is really necessary 
or desirable at a cost considerably less than is involved in the use of 
a negative boosting system. 

* Sournal of the Institution of Electrical Engineers, vol. 43, p. 449, 1909. 


Mr. Pearce. 


Mr. Pearce. 


Mr. 
Ratcliff, 


712 J. С. CUNLIFFE & К. G. CUNLIFFE: PROBLEMS (8rd Dec. 


On page 703 the authors set forth the advantages to be gained from 
the general use of negative boosters ; it seems to me that the strongest 
point for their use, apart from the ease of load distribution, is the fact 
that the “ pressure loss in tbe negative feeders is no longer subtracted 
from the supply pressure." On page 704 there is the very valuable Fig.9. 
I venture to say that if we had got nothing else in this paper but this 
figure the paper would be well worth writing; I am sure it will be of 
very great value when tackling problems other than those with which 
we are immediately concerned this evening. 

I think one ought to remember, when preparing or trying to draw 
a comparison between negative boosters and the use of resistances in 
short negative feeders, that the expense of the two systems must of 
course be taken into consideration ; no one would pretend for a 
moment that it is possible to install the negative booster system for 
such a low capital expenditure as is possible by using resistances. | 
should be very glad if the authors could give us some further details 
of the phenomenon described on page 706 as “superimposed return 
circuits." I do not quite follow the meaning of that paragraph; it 
seems to me that if the current actually passes as a superimposed 
current through the generator of the second sub-station only one thing 
could occur on compound-wound machines. 

With regard to the paragraph dealing with construction, the authors 
refer to the necessity of having triple insulation when tramway 
standards carry gas lamps. I think that the correct thing is obviously 
to remove the gas lamps. 

Мг. H. A. RATCLIFF: I fully agree with most of the points raised 
by the authors, but I think that they have given the subject of negative 
feeder resistances rather scant treatment. As Mr. Pearce has stated, 

there is no comparison between the cost of a booster and that of a 
resistance ; and there is no doubt that in many cases a resistance may 
be used with advantage. Within reasonable limits a resistance pro- 
duces exactly the same rail-potential regulation as a booster ; this is 
owing to the low resistance of the rails compared with the resistance 
of the negative feeders; since four rails in parallel have a resistance 
equal to 4 sq. in. of copper, whereas the negative feeders will probably 
only be of o'5 sq. in. section, consequently the effect of load distribu- 
tion is swamped to a great extent by the low resistance of the rails. 
It is usual to regard a resistance as an expensive and wasteful piece 
of apparatus, and as an electrical energy-dissipating or converting 
device its efficiency is in fact exactly roo per cent, or, in other words, 
the loss on any load is always 100 per cent. The maximum efficiency 
of a booster will not exceed 80 per cent, i.e. the loss expressed as 
a percentage of the output at full load will be 25 per cent, and pro- 
portionally greater at lower loads, the loss at no load being an infinite 
percentage. The rail-potential regulation is a result of the booster 
output only, and the comparison is therefore between the resistance 
loss and the booster loss at an output corresponding to the resistance 
loss. As the load factor of a traction system is always less than 


1912.] IN TRACTION DEVELOPMENT : DISCUSSION. 718 


100 per cent, it is therefore extremely probable that in many cases the M 


efficiency with a resistance will equal or even exceed that with a 
negative booster; and when the question of capital charges and 
running costs is also considered there is a distinct advantage on the 
side of the resistance. The rail-drop conditions resulting from the 
use of a resistance may not be ideal, but they will probably be 
sufficiently good for most practical purposes. The use of a resistance 
will naturally necessitate a wider range of voltage regulation on the 
generators. I do not understand theauthors' reference to superimposed 
current, and should be glad if they would give a detailed explanation 
in their reply. It appears to me that a superimposed current on the 
series field of a compound-wound generator would have disastrous 
effects. I agree with the suggestion that the Board of Trade 7-volt 
rail-drop regulation is the only one practically affecting electrolytic 
and vagabond current troubles. 

Mr. C. L. E. STEWART: There is one point with regard to the 
connection of the trolley pole, etc., to the rail ; in most cases the cable 
sheathings are bonded directly to the rail, which practically makes 
them into negative feeders ; but from what the authors say it would 
appear to be bad practice. On the other hand, if the sheathings of 
the cables are not kept at the potential of the rails, burning is likely 
to result if the sheathing should come in contact with the metal-work, 
more especially if the cables are laid solid or drawn into earthenware 
conduits, when the sheathings are pretty well insulated. At Rawten- 
stall we use negative boosters and we have them connected in the way 
suggested by the authors, that is, the boosters are excited from the 
positive feeders, grouped according to the district which the negative 
cables serve. The armature is in series with the negative cables. 
I think the booster is a much better way of dealing with the 
varying conditions, for even in small.tramway systems the local 
loading at special times may be heavy and may occur in widely 
different parts of the system. I think negative boosters are in some 
ways objectionable because they are very apt to run at a dangerous 
speed should the motor circuit-breaker open. Positive boosters are 
worse still in this respect, as they attain an excessive speed more 
rapidly. Automatic devices are absolutely necessary with positive 
and negative boosters, but I think everybody will agree that the fewer 
automatic devices we have to make up for shortcomings of certain 
plant the better. 

Mr. J. J. MCMAHON : One or two points in the paper appear to me 
rather inconsistent with modern English practice. First with regard 
to the positive feeding system referred to by the authors as at New 
Jersey, U.S.A. I shouldlike to know what purpose the circuit-breakers 
serve when fixed to the tops of poles in a congested area as shown in 
the diagram of that system. It appears to me to be very antiquated, 
and I should like the authors to explain the method that is adopted for 
re-setting these circuit-breakers. In Manchester some years ago it was 
suggested to adopt an automatic appliance which was to be installed 
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in the section boxes, but the idea was never carried out, fuses being 
used instead. We found these also were not satisfactory, and event- 
ually knife switches replaced the fuses and have been in every way a 
success, I am therefore still of the opinion that circuit-breakers or 
any kind of automatic appliance installed in section boxes in the 
street or fixed to poles would mean considerable calls on the emer- 
gency staff of a tramway undertaking ; and under the circumstances 
I am still in favour of the various sections being controlled at the 
source of supply. 

The second point I wish to mention is with regard to parallel 
feeding. In Manchester this is carried out in one or two cases only, 
as for example along Piccadilly and London-road, where there are 
heavily loaded sections. In this particular case there are three feeders 
running in parallel, and in case one of the feeders broke down it would 
be cut out without materially interfering with the traffic in that 
section, whereas the method suggested by the authors of having one 
main feeder connected to sub-feeders would, I think, hold up all the 
traffic which is fed by the sub-feeders concerned, if the main feeder 
happened to break down. 

I am afraid it would be exceedingly difficult to comply with the 
regulation that metallic structures should be kept at least 3 ft. away 
from the rails. I cannot see the necessity of such a limit so long as the 
rail drop is kept within regulations. With regard to guard wires being 
insulated from the poles, this was carried out at Leeds in 1891, but at 
Walsall in 1892 the guard wires were earthed, and the pressure on 
both these tramways was 300 volts. Gas lamps have to my knowledge 
been attached to tramway poles (in this country) for the last twenty 
years, and I have not known of any faults having taken place. As many 
as 400 gas lamps have been attached to.the poles in Manchester, and 
there have not been any complaints, except with regard to the mantles, 
which, I am informed, are expensive to maintain; the Gas Department 
is removing them on that account. Lastly, in Manchester since the 
commencement of the electric tramway system the whole of the over- 
head line has had triple insulation, and in a number of cases quadruple. 

Mr. E. M. HOLLINGSWORTH: Some years ago we tried negative 
feeders without boosting, but found they were absolutely useless. Later 
on, owing to the voltage drop and earth leakage exceeding the Board 
of Trade limit, we installed a negative booster, a combination of 
two boosters driven by one motor. For the reasons already pointed 
out by Mr. Pearce, we could not possibly hope to get ideal conditions. 
but we tapped the rails at the junction of five sections, the most con- 
gested part of our system, and the results have been very satisfactory. 
The booster is excited by two of the most heavily loaded positive 
feeders supplying the sections to which the negative feeders are con- 
nected. Regarding the construction of overhead equipment, we have 
had trouble on one or two occasions owing to guard wires making 
contact with the live wires, the current going to earth by wav of the 
standards, the water mains, and gas service pipes. I quite agree with 
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the authors that it is advisable that guard wires should be connected 
to earth by means of insulated cables, particularly where gas lamps 
are attached to standards. I do not approve of bonding the lead 
covering of the tramway or other cables to the rails, or connecting 
them to earth in the close vicinity of the negative feeder. From my 
experience it is advisable to separate them as far as possible. 

Mr. C. C. ATCHISON : A great feature of the paper is that it not only 
applies to large undertakings, such as Manchester, Chicago, etc., but 
also to small undertakings. In the early days of tramways, certain 
probable schedules of running were apparently fixed upon as being 
the likely requirements in the future, and in view of these the feeder 
cables were laid out so as best to suit the prospective schedules ; 
but as time has gone on we find that the conditions of working are 
entirely different, the schedules completely altered, and the sizes of 
the negative feeders, which though large enough at the outset and 
arranged to be suitable for the assumed schedule, have now become 
much too small and the arrangement practically unsuitable. Many 
large tramway undertakings have been called upon, and apparently 
have been able, to deal with these matters, but the smaller under- 
takings are now also feeling the difficulties of the situation. I think I 
am right in saying that it was not generally the practice, at all events 
in small undertakings, to insert ammeters to measure the current in 
the return feeders, although these instruments were utilized in the 
feeders supplying the overhead line; with the result that although 
one is quite aware how the current is being supplied through the 
positive feeders, almost complete ignorance prevails with regard to 
how it is divided between the return feeders. Having an arrange- 
ment of return feeders myself originally laid down to meet certain 
conditions, I find it is absolutely essential with the growth of the 
tramway undertaking to find out how the current is returned, and this 
is no easy matter with the varying trafhc and an arrangement of 
return feeders suitable for an entirely different schedule of working. 

With regard to the use of one large feeder and radiating sub- 
feeders, in a busy area I am inclined to think this is not as suitable 
as the use of a number of separate feeders, at all events in the smaller 
undertakings, as in case of trouble I consider it is better to localize 
it as far as possible; this can be better done with a number of 
feeders than by the use of one or a very few large feeders with 
radiating sub-feeders. From ordinary experience one realizes that 
should the circuit-breaker operate on a feeder supplying a busy 
route, every motorman on the section tries to start up directly the 
supply is again available, and it is almost impossible to keep the 
circuit-breaker in. I cannot endorse the authors' statement about con- 
struction on page 708. I have a very disrespectful opinion of guard 
wires as a whole, and I don't agree with the suggestion that they 
should be insulated from the poles in order that these latter may not, 
through the guard wires, form connections between the ditferent 
sections of pipes. Also I consider it is necessary to bond the poles 
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to the rails frequently. After all, it is the pipes that have to be pro- 
tected, and there seem only two things to do. One is that all pipes in 
the vicinity of the rails should be removed to a safe distance, or 
wherever they approach the rails they should be stoutly bonded to 
them throughout the whole of the system, though I must admit that 
there are certain arrangements where exceptions should be made. 

A point which has been raised in the discussion is the case of pipes 
that are laid after the tramways have been put into operation. I think 
that in towns where the municipality is working the tramways it 
should be an instruction to all other departments when laying pipes 
that these should be laid at such a distance away from the rails as to 
be entirely safe from electrolytic action, but if this cannot be done, 
and on that account there may be any danger to the life of the pipes, 
the department owning them must take their own responsibility and 
not turn to the Tramway Department for compensation should the 
pipes become corroded. І do not think it is fair where proper 


- arrangements have been made for dealing with return currents under 


certain conditions that these conditions should be altered by some 
other department, and the responsibility still remain with the Tram- 
way Department. From experience I am quite able to endorse Mr. 
Pearce's remarks with regards to the suitability of utilizing two 0'5 sq. in. 
cables in place of one 1 sq. in. ; and theauthors' statement on page 705, 
that “each booster should be excited from the grouped positive feeders 
serving the same area," appears to me to be the only correct way of 
arranging such excitation. 

Mr. A. G. CooPER: With regard to bonding feeders, I find that 
the best arrangement is to bond the feeders at the station only and to 
keep them clear. everywhere else; thereby trouble is avoided. The 
Tramway Company at Colne when they first started did not bond their 
feeder although it was laid solid ; they started with electrolysis and the 
cables have never been good since. It seems to me that heavier rails 
ought to be used so as to minimize the rail drop, because the extra 
price for the rails should be cheaper than installing copper. I quite 
agree with Mr. Pearce that it is much better to lay two small feeders 
rather than a large one, on account of the higher current density at 
which the smaller cables can be operated. 

Mr. R. ROWLAND: I should like to refer to Fig. 10. In our case 
I have arranged to supply all the feeders through the booster, so 
that if a circuit-breaker comes out there is still the load on the 
remaining section—we have three positive feeders. There is no men- 
tion made by the authors of any safety device to cut out the booster 
in the event of the motor failing. In our case I have arranged for 
an electrical control governor to be placed on the end of the shaít so 
as to cut out the booster before it reaches a dangerous speed. With 
regard to Mr. Pearce's remarks as to the size of fceders, at Stretford we 
have run two negative 0'8 sq. in. feeders instead of one r'6 sq. in. My 
experience was that when we had 100 cars in our district it interfered 
with the regular traffic, and the load rose to 1,800 kw. ; but now that the 
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police regulate the traffic the kilowatt demand has fallen to 1,300 or 
1,400 kw. with the same number of cars. The average power demanded 
at the station per car in use depends on how the traffic (cars) is regu- 
lated. I think the authors have made a mistake in putting forward 
Fig. 10 as their own scheme. We had a scheme to deal with this 
particular district as far back as 1908, which was before the football 
ground at Old Trafford was thought of, only we did not intend to 
install a booster at first, but to put a cable parallel to the track and 
bonded to same at certain intervals along the route. About тото, due 
to the football load, a booster was suggested, and in 1912 my Com- 
mittee agreed to this. I drew up the specification and carried out 
the work. In this particular case I think D is not the correct point 
of connection, as it involves an unnecessary outlay. Referring to 
Mr. McMahon's remarks re circuit-breakers in the box outside the 
station, the circuit-breaker referred to was a reverse-current breaker 
and was eventually taken out altogether. 

Mr. G. G. L. PREECE: I believe that Glasgow was the first city to 
adopt the negative booster; the Glasgow system is rather prone to 
electrolysis mainly due to the fact that the Glasgow water supply 
makes a good electrolyte, combined with the fact that their mains are 
laid near the track in cement-lined conduits. Consequently a great 
deal of attention has been paid to limiting the rail drop. I remember 
that at one time they had a very large system of potential wires and 
used them in their system of negative feeders ; the function of these 
potential wires was, I think, similar to what the authors describe in the 
second paragraph on page 701. As far as I remember, the positions of 
the negative feeders were fixed from results obtained with the 
potential wires, and I remember being shown in a sub-station the 
pressure-drops of a great number of sub-sections in the city ; I noticed 
that the drop did not exceed 2 volts in any section, most being below 
I volt. Possibly the authors have obtained some information from 
Glasgow, and might therefore be in a position either to amplify or 
correct what I have said. In any event such asystem as that at Glasgow 
shows that the Tramway Department must have gone into the question 
of negative boosters with some knowledge of what they were after. 

Mr. H. E. YERBURY (communicated): I am pleased that the bogey 
of electrolysis has not been resuscitated. The deplorable state of things 
formerly existing in Chicago and other American cities could not have 
existed under British Board of Trade rules and regulations, and I see 
no reasons to fear any trouble now that overloading conditions prevail 
in many of our large towns. The Sheffield Corporation Act of 1901 had 
a protective provision inserted by theSheffield Gas Company relative to 
possible elecirolytic injury or damage to mains, pipes, etc. ; and although 
our loading and output in units have been more than trebled since that 
year, it has been demonstrated to the satisfaction of the Company 
(through their electrical engineer who still takes periodical tests) that 
no trouble has taken place and that we are still able to work within the 
Board of Trade limits. 
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In respect to positive feeding, I think the system of feeding with 
graded distributors shown in Fig. 3, A, is preferable in point of efficiency 
and economy to the Manchester system shown in Fig. 3, B. I must take 
exception to the authors’ remarks that ‘‘no definite principle has been 
adopted" in regard to negative boosting, and I personally see nothing 
of a novel or new principle or design in what is called, on page 705, 
"the authors' design." I dealt with the correct principle of negative 
boosters and returns in an informal paper read before the Leeds Local 
Section of the Institution on 13th April, 1905 ; this paper was published 
in the technical Press. The parabolic law in relation to the potential of 
the rails was explained and shown in a diagram in this paper, and the 
authors' scheme, shown on page 705, Fig. 10, is the only obvious position 
for a booster return cable. The fundamental principles were, I believe, 
first shown in Institution papers read in 1898, and I myself dealt with 
specific instances of successful installations in mv paper of 1905— 
notably at Bristol, Dublin, Sheffield, and on the Schóneberg Tramways 
near Berlin, where booster return cables allowed of satisfactory 
continuous-current working up to 44 miles from the generating station. 
In regard to present legislation, it must be admitted that taken as a 
whole the results are satisfactory to all concerned. Still I think the 
current-density limit of 9 amperes per square inch in the rails could be 
exceeded under certain conditions without harmful results. 

Dr. E. ROSENBERG: Some speakers have mentioned that a 
resistance inserted in a short feeder is sometimes a desirable alter- 
native to a booster in the long feeders; I fully agree that this may 
be the case from the efficiency point of view if the necessity for 
equalizing the feeder drop occurs only for short periods at long 
intervals. Of course, on the other hand, the resulting reduction of 
voltage would sometimes make it impossible for the cars to keep the 
scheduled speed. In Fig. 1 the kilowatt-hours are given per car-mile 
in different cities. The figure for Berlin is extremely low. In that 
city trailer cars are used. I should like to know if the figures are 
obtained by dividing the energy consumption of a train by the 
number of cars. 


DISCUSSION BEFORE THE BIRMINGHAM LOCAL SECTION ON 
4TH DECEMBER, 1912. 


Mr. A. P. TROTTER : Electrolysis on tramways is a subject which 
must be treated in a practical manner. Scientific experts have argued 
that because 1 ampere will dissolve 13 lb. of iron in a year, or 
15 grains in an hour, under laboratory conditions, the same action will 
go on in the case of tramways. If this were the case, the ends of all 
the tramway rails which are positive to the earth must have corroded. 
But no such corrosion has been observed. On the other hand, 3 
striking statement was inade in the reply by the authors to the dis 
cussion of their paper of 1909,* that pipes buried in the earth do not 


* Sournal of the Institution of Electrical Engincers, vol. 43, p. 481, 1909. 
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short-circuit it, as earlier writers have suggested, but the pipes are 
short-circuited by the earth. I accept that statement as one of 
importance, but if it is taken apart from other considerations, electro- 
lysis would be impossible. Cases in this country are fortunately very 
rare. It is generally acknowledged that this is due to the Board of 
Trade Regulations and to the carefulness with which they are generally 
observed. It was fully expected when they were drawn up in 1894 
that alterations would be needed as time went on. Some additions 
have been made to meet new developments, but the code remains 
much as it was. One or two of the provisions are not useful, but they 
do no harm. It is generally recognized among tramway engineers 
that these regulations have not hitherto impeded tramway develop- 
ment, and that they have protected pipes from electrolysis to an extent 
which was not anticipated. If in the further developments of electric 
traction any regulation is found to impede progress, consideration 
would be given to any case on its merits. 

The rule that pipes must not approach nearer than 3 ft. to the 
rails is well intentioned, but excavation is not made to a depth of 3 ft. 
in building a tramway, and the owners of old gas and water pipes 
seldom know the position of them. The law in Western Australia 
provides that * The promoter shall, at his own expense, alter or divert 
all wires, metal pipes, tubing, and cables that would be subject to 
electrolysis so that they shall not be within 24 in. of any portion of the 
tramway system carrying electric current." But excavation does not 
asa rule extend even to 24 in. The only cases of electrolysis that I 
have known have been at a distance of less than 2 ft. from tramway 
rails. The suggestion that poles should not be bonded to the rails 
either for guard wire earthing or to avoid “live” poles where gas 
lamps are fixed to them is a good one. It comes too late, but should 
be adopted for new work and extensions. In the case of polescarrying 
gas lamps, triple insulation might be substituted for bonding; but 
when insulators are arranged in series, when one fails it is sometimes 
found that that is the one which has been doing the work. 

The shaded area in Fig. 2, and the word “rehabilitation,” need 
explanation; rehabilitation seems to relate to various improvements 
and economies in which the authors probably had a hand. At the end 
of the section on positive feeding, the working pressure of 600 volts is 
mentioned. Although 550 volts is the usual maximum, the regulations 
give 650 volts as the limit at which the supply may be generated. A 
supply at 600 might be allowed, but it seems a pity to disturb 
the standard. It appears that the use of bare copper negative feeders 
bonded together and at many places to the track is a serious obstacle 
to the use of boosters in Chicago. To increase the number and size of 
sub-stations in a city is evidently the wrong method, and the copper is 
not well loaded with current. 

The authors recommend that each booster should be excited from 
the feeders serving the same area. Engineers have found that it 
is difficult in some cases to divide the districts in that manner, 
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M ise Mr. H. M. Sayers at one time used separate excitation for a booster field 
in a manner that was claimed to give automatic regulation, but it 


FiGs. A to J. 


appeared that if all the cars were off the road the booster would pump 
a considerable current round the circuit. I hope that the authors will 
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explain how Fig. 11 has been calculated, and I also hope that the dia- M 


grams of the Chicago network, and those of the Glasgow and New 
Jersey feeders which have been shown to the meeting, and the interest- 
ing matter which was interpolated during the reading of the paper, 
will be published by the authors on a future occasion. 

Some six years ago I began to look into the elementary principles of 
the design of negative feeders, in continuation of the paper which I 
communicated to the Institution on 28th April, 1898.* I took the case 
of a line 7 miles long, 2 cars per mile, each taking about 284 amperes, 
making 400 amperes total, and a track consisting of two rails of a total 
sectional area of 20 sq. in. In the diagrams the horizontal line repre- 
sents the length of the tramway line. Vertical height represents the 
current in the rails at any point, or amperes per square inch. The 
circle represents the generating station or sub-station; the dotted 
lines, negative or return feeders ; and a zigzag, a resistance added to 
a feeder. In Fig. A herewith the whole 400 amperes return through 
the rails to the station at one end of the line, giving 20 amperes per 
square inch. Fig. B represents the station at the middle of the line. 
The current density is reduced to 10 amperes per square inch. In 
Fig. C the same result is obtained by two negative feeders extending 
to the ends of the line, a purely hypothetical case. Fig. D shows what 
can be done by tapping the line at two-thirds of its length, by a feeder 
bringing back 266 amperes, while a resistance in the short feeder pre- 
vents more than 133 amperes from passing. The current density in the 
rails falls to 6$ amperes per square inch. If the station is at the middle 
of the line, two feeders each of a quarter of the length of the line, 
arranged as in Fig. E, bring the current density down to 5 amperes 
per square inch. For geographical reasons it might be convenient to 
arrange the negative feeders as in Fig. F or Fig. G, which show the 
effect on the current density. When the station is at the middle of a 
line another step would be to duplicate Fig. D by the arrangement 
shown in Fig. H. It is sufficient to consider the station to be at the 
end of the line. Fig. J shows a general case. The feeder A brings 
back 200 amperes from a and 5o from b, while the feeder B with added 
resistance brings back 150 amperes from c. The necessary resistances 
may easily be worked out, and the problem becomes ready for mathe- 
matical treatment. But such treatment is utterly useless without the 
practical application of the factors £ s. d. The cost of the cables and 
of laying them, the cost of the energy lost in the added resistance, the 
practicability of running at a high current density in feeders instead of 
using resistances, all these and probably other considerations must be 
taken into account before the problem of the most economical design 
of return feeders can be dealt with. I had not the necessary data, and 
I put the matter aside. No attention seems to have been given to the 
subject, so far as the Institution is concerned, since the paper read by 
Mr. H. M. Sayers on 3rd May, 19oo. This seems to be an appropriate 
occasion to give the elementary beginning of the problem in the hope 

* Journal of the Institution of Electrical Engineers, vol. 27, p. 457, 1898. 
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that someone engaged in tramway work will develop it, and no one 
would be more capable of doing so than the authors ot this paper. 

Mr. E. B. WEDMORE: In a paper contributed to the Institution in 
I902,* I produced some data and formula bearing on electrolysis. A 
great deal more data is now available, but my conclusions are not 
seriously challenged. From the data in the paper under consideration, 
and that in a paper on “ Traction Vagabond Currents” by the same 
authors in 1900, I now estimate the average specific resistance of the 
earth to be in the neighbourhood of 50 ohms per yard cube. There 
has been a good deal of controversy as to whether the pipe should 
be considered as a short-circuit to the ground or the ground a 
short-circuit to the pipe. This is purely a question of figures, and 1 
have attempted to estimate the resistance of the relative paths through 
the ground and the pipe. These estimates are necessarily very rough. 
They serve, however, to draw attention to the important features in the 
problem. The two paths we are concerned with are that from the track 
through the general body of earth and that from the track through the 
pipe, this latter path including a path through the earth from the track 
to the pipe and from the pipe to the track. My figures indicate that in 
the case of iron pipes the earth is practically a short-circuit to the pipe, 
but in the case of lead pipes or of pipes having a low internal resist- 
ance throughout, the resistance of the path through the pipe is low 
enough to require careful consideration. 

With a view to bringing out the important features, I have made an 
estimate bearing on the length of life of the pipe under average con- 
ditions, and have assumed corrosion taking place to the depth of yy in. 
uniformly over the surface of the pipe. My calculations apply to pipes 
lying parallel with the track, and not more than 3 ft. from the rails over 
the greater part of their length. The problem may be attacked in two 
Ways :— 

First, we may assume that the limiting feature is the resistance of 
the pipe along its length, including the resistance of any joints. This 
resistance will limit the current flow due to the applied E.M.F., and 
will therefore limit the average current density on the surface of the 
pipe. Second, we may ignore the resistance of the pipe and consider 
the resistance of the earth path between the track and the pipe. This 
will positively limit the current density entering the surface of the pipe. 
I assume that the pipe is not connected to the rail where the current 
is leaving the pipe, and that two-fifths of the potential drop along the 
track represents the E. M.F. driving current along the pipe, or driving 
current from the general mass of earth into the pipe. I believe this is 
an overestimate. I have taken an extreme case where the voltage 
drop is 2 volts per 1,000 feet of rail, which is twice the limit set by the 
Chicago Rules. With the voltages we are discussing, the evidence is 
that the electrolysis will correspond on the average to only 5 per cent 
of that calculated on the assumption that the whole of the observed 
current flow is electrolytic in effect. It will be observed that even 

* Fournal of the Institution of Electrical Engineers, vol. 31, p. 576, 1902. 
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with 7 volts drop there is not 14 volts difference between the pipe and 
the general body of earth at either end of the pipe, and in considering 
the effect on short lengths of pipe the voltage available is some small 
fraction of 1 volt. Thus the calculations probably err a great deal on 
the safe side in the case of short pipes. No attempt has been made 
to correct for unequal distribution of current. This is an important 
item in connection with calculations based on the line resistance, but 
does not affect those based on the resistance of the earth path between 
track and pipe. I will now give a few figures illustrating the sort of 
results obtained :— 

In the case of a 6-in. iron pipe 5,000 ft. long it is estimated that it 
will take 400,000 years to cause the amount of corrosion І have pos- 
tulated. This figure is based on the line resistance. An estimate based 
on the surface resistance would indicate a figure of 600 years. Hence 
it is clear that the line resistance is the limiting feature. I have taken 
the joint resistance at an average of 14 ohms, which figure is given by 
Messrs. Cunliffe in their 1909 paper. In the case of a similar pipe 
500 ft. long the line resistance gives a corresponding limit, and the 
surface resistance a limit of about 6,000 years. From these limiting 
figures one can afford to knock off a nought or two and still find that 
the investment of 2d. at compound interest will far more than cover 
the cost of renewals due to electrolytic troubles. In the case of a 
2-in. lead pipe 5,000 ft. long the estimate based on the data in my 1902 
paper is 160 years. The data given by Messrs. Cunliffe in their paper 
and represented by the curve on page 707 indicate a much higher 
figure, the estimate running between 400 and 1,600 years, these figures 
being based on the line resistance of the pipe. In the case of a pipe 
500 ft. long the line resistance gives a similar limit on the assumed 
potential gradient, and the surface resistance now gives a limit in the 
neighbourhood of 160 years. 

Having regard to the large number of assumptions made and the 
uncertainty as to their accuracy, I do not consider we can ignore the 
possibility of serious electrolytic trouble on lead pipes running parallel 
with the track and not more than 3 ft. away from the rail. On quite 
short lengths of lead pipe the pipe resistance has a negligible influence, 
but in this case also the voltage drop is so small that it is improbable 
that any appreciable electrolytic effect would take place. In the case 
even of long pipes the line resistance of a pipe with wiped joints is 
inuch too low to serve as a safe limiting feature. The surface resistance 
can, of course, be greatly increased by painting or compounding the 
pipe or by burying it in a trough filled with compound. In order, 
however, that such treatment shall show any appreciable effect in 
limiting the current, one must consider the actual values of surface 
resistance required. In the above estimates based on a 2-in. pipe the 
resistance of the path up to the pipe, reckoned over a square inch 
of pipe surface, is of the order of 20,000 ohms on an average. Thus 
to guarantee safety one requires a resistance of the order of 4 megohm 
over a square inch. Such a figure would guarantee a life exceeding 
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1,000 years whatever might be the soil or the pipe resistance. I 
have not here considered the improvements obtainable by connecting 
the pipe to the rail. This device does not serve as a general solution, 
although it may be done advantageously in many particular cases. 
Safety lies in keeping the pipe away from the rail, and the life rapidly 
increases as the distance exceeds 3 ft. It will be observed that as the 
surface resistance is the only safe limiting feature to rely on in the case 
of lead pipes, regulations covering the maximum voltage drop in the 
rail are all that is required. These determine the voltage available 
between the general body of earth and the pipe to cause current flow 
into and out of the pipe. 

Dr. G. Kapp: In connection with the calculation of Mr. Wedmore 
as to the length of time required to reduce by electrolysis the thickness 
of a pipe by a given amount, I wish to draw attention to the fact that 
the calculation was made on the supposition that the action was uniform 
over the whole surface. In reality there is not this uniformity and the 
electrolytic attack is concentrated on a few points, with the result that 
the pipes become pitted and at certain points holes may be eaten 
through the metal. I have myself seen a large amount of old gas 
piping rendered useless by such pitting and perforation. This was 
in Hamburg. After the introduction of electric traction along a certain 
boulevard planted with trees it was found that the trees died, and on 
investigating the cause it turned out to be due to leakage of gas into 
the ground. The leak was from the gas pipes which had been destroyed 
by electrolysis of vagabond currents. This was in the days before 
negative feeders and boosters were used. With such appliances 
properly installed, however, no electrolysis need be feared. 

I cannot agree with the authors in their statement that the use 
of negative boosters increases capital outlay and working costs. I 
think the reverse is usually the case. To my knowledge the first case 
where a negative booster was installed in Germany was on a line which 
had a light week-day traffic, but which was on Sundays heavily loaded. 
To provide for the heavy load a very large negative feeder would be 
necessary, but by installing a much lighter feeder and inserting a 
booster the cost was very materially reduced, so that the feeder and 
booster came much cheaper than an unboosted feeder. As the authors 
have told us that in Chicago there are uninsulated feeders with a section 
as heavy as 7 sq. in. it is evident that the cost of boosters in con- 
junction with much lighter insulated feeders is quite insignificant. 

As regards working costs, Mr. Trotter's explanation of how by the 
insertion of resistance in the short feeder it is possible to ensure that that 
feeder takes no more than its fair share of the return current, simply 
amounts to this, that the ohmic loss in the short feeder is artificially 
increased to that unavoidable in the longest feeder. This extra loss 
must be more than the losses occurring in boosters, since these would 
only be used with the longest feeders, whilst the shorter feeders would 
have no more than their natural ohmic loss. Finally, I wish to draw 
attention to the generous way in which the authors have referred to the 
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assistance they have received from other professional men. This is not 
only fair to the other workers, but it also gives the reader of the Fournal 
confidence that the statements made by the authors are based on their 
own experience and also that of other responsible authorities. 

Mr. W. E. Groves: This paper has revived problems with which I 
had to contend in 1905 when laying out the distribution system of the 
Birmingham Tramways. In the light of the authors’ recent researches 
a few words in respect of the Birmingham system may be of interest. 
The alternatives of sub-stations and negative boosters were considered, 
and the necessity for providing a local supply for power and lighting in 
widely separated districts in addition to traction supply determined 
that sub-stations should be equipped ; consequently no great difficulty 
has been experienced in conforming to regulations. Dealing first with 
the positive side, the arrangement except on terminal routes is a com- 
bination of A and B as shown in Fig. 3, dividing switches being pro- 
vided enabling the route to be sectioned as desired, the underground 
and overhead copper being always in parallel. The routes between 
station and sub-station are cabled with equal section throughout, the 
copper being sufficient to supply the normal load of the sub-station in 
emergency. The negative feeders are so placed that, as nearly as can 
be foreseen, there is the same potential at each of the various feeder 
points. Where several negative feeders radiate from one station or 
sub-station the balance is maintained by altering the effective section of 
the feeders, triple concentric cables with pilots being provided for this 
purpose. The negative booster referred to on page 700 is not on the 
Birmingham Corporation electric supply system, but is installed in an 
isolated station formerly owned by a company, the routes now being 
taken over by the Corporation. There is no doubt that with negative 
boosters and plenty of pilot wires a very flexible system can be designed 
and the track sectioned as desired, but commercial considerations will 
not permit the universal adoption of this electrically ideal method of 
controlling vagabond currents. The restriction to 7 volts between any 
two points requires some qualification on a long route consisting of 
several negative sections ; the potential may rise in a series of small 
steps until it exceeds 7 volts, although the conditions would be quite 
satisfactory in respect to the safety of pipes. 

Mr. А. M. TavLonR: With reference to the authors’ statement on 
page 699 that the addition of sub-stations for purposes of splitting up 
the track into smaller areas is uneconomical, their remarks are no doubt 
intended to apply to the case where the traction and lighting systems 
of a town are quite distinct. Where they are combined under one 
management the additional sub-stations are desirable for the lighting 
scheme. In the case of this city, I went very carefully into the use 
of negative boosters in order to sce whether it was at all possible by 
their use to feed the whole tramway system direct from one generating 
station, and found that some 20 negative boosters would be necessary. 
Such a “ fleet” of boosters seemed impracticable in a station where 
floor space was very valuable. I think Fig. 9 is especially interesting 
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as showing how the requirements of 9 amperes per square inch and 
0'5 volt per тоо yd. fail to meet the conditions when the traffic density 
exceeds 500 amperes per mile, a figure which has already been exceeded 
many times in Chicago, and soon will also be exceeded in this country. 
It must be borne in mind that the authors' paper only deals with 
specially heavy traffic conditions. 

Mr. H. M. Sayers (communicated): I have only seen the abstracts of 
this paper and the reports in the Press of the discussions on it; the 
following remarks may therefore do Messrs. Cunliffe some injustice due 
to my incomplete information. 

The dates of 1898 and 1900 doubtless seem too far off in the remote 
beginnings of electric traction for the perusal of papers, etc., of that 
date to attract modern practical investigators, but reference to a paper 
read by Mr. Parshall before the Institution on 28th April, 1898,* will 
show that he was then aware of the uselessness of unboosted track 
feeders. In a paper which I read before the Institution on 3rd May, 
1900,] I referred to Mr. Parshall's proof ; and I proceeded to give the 
general expressions for calculating the feeding points on the track, the 
sizes of the feeders, and the capacity of the boosters required on them, 
as well as a concrete example to which these general expressions were 
applied and the results obtained in commercial terms. The same paper 
dealt with other aspects of the distributing arrangements for electric 
traction, and the mutual influence of generating and distributing 
systems. So far as I can judge from the reports in my possession, 
Messrs. Cunliffe confirm pretty generally my results of May, 1900. 
Naturally, in applying the general principles to present conditions some 
changes have to be allowed for. For example, the Board of Trade rule 
restricting the current density in rails to 9 amperes per square inch was 
not then in force. Nor was the distribution of electrical energy for 
general purposes so developed as it now is—a matter greatly influencing 
tramway distribution when one authority runs both the electric supply 
and the tramway undertakings. Also the merely mechanical difficulties 
of getting conductors of many thousands of kilowatts capacity at 
500 volts pressure out of single generating stations or sub-stations were 
not so close then as they are now. Re-reading my paper, one paragraph 
which I had forgotten impresses me as a suggestion not yet acted on to 
my knowledge, but quite a likely solution of several track difficulties, and 
an alleviation of return feeder and booster expenses, worthy of considera- 
tion by those in the position of Messrs, Cunliffe and their chiefs :— 

“It seems, however, that a modification in track construction using 
continuous girder supports under the rails and dispensing with concrete 
and setts between them, should be a logical consequence of electrical 
traction, and that the conductivity of the track might thus be largely 
increased and bonding made much more permanent without much 
increase in construction costs. The difficulty now experienced at the 
joints of tram rails should disappear, and the life of the road be greatly 
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increased.”—To-day I should add corrugation to the difficultiés which Mr. Sayers. 
might disappear. 

I may mention that the numerous tramway systems of the British 
Electric Traction Company for which I designed the electrical equip- 
ment between 1898 and 1903, and some others where I have advised, 
all had their feeders, track feeders, and boosters designed on the 
methods discussed in my paper. 

Messrs, J. С. and R. G. CUNLIFFE (in reply): From the contradictory Messrs J. G- 
nature of the discussion it is evident that a paper on this subject was Cunliffe. 
required, as the true nature of the factors governing the choice of feed- 
ing systems does not appear to be generally understood. Thus, much 
has been said in favour of the use of simple feeders suitably spaced and 
balanced in resistance as necessitated by the load distribution, and 
whilst on the one hand the authors have been accused of clinging to an 
electrical ideal to the neglect of the financial considerations, on the 
other hand Dr. Kapp is surprised that they apparently consider 
negative boosting, although ideal electrically, to be financially unsound. 
Both criticisms are untrue because they are far too general. Again, 
Mr. Yerbury remarks: “Тһе deplorable state of things formerly 
existing in Chicago and other American cities could not have.existed 
under British Board of Trade rules and regulations." How was com- 
pliance with such relatively severe rules and regulations to be obtained ? 
Not, as a financial proposition, by the use of simple feeders, however 
well spaced and resistance balanced. Further, Mr. Yerbury states 
categorically, with regard to positive feeding, that: “The system of 
feeding with graded distributors shown in Fig. 3, A, is preferable in 
point of view of efficiency and economy to the Manchester system 
shown in Fig. 3, B." 

The point which the authors wish to emphasize is that, in the 
discussion generally, the effect of the factors which essentially 
govern the choice of feeding system has been ignored. The correct 
system both of positive and negative feeding is determined abso- 
lutely by the number of supply stations considered in relation to 
the nature and extent of the undertaking, and in the paper the 
scope was purposely limited to the conditions appertaining to large 
undertakings heavily loaded and having relatively few supply stations 
each of great plant capacity. 

As an illustration, two undertakings of equal size in the United 
Kingdom may be considered, viz. Manchester with upwards of 20 
supply stations, and Glasgow with only 6. In the former the use of 
the system of simple positive feeders as in Fig. 3, 4, and of simple 
negative feeders suitably spaced and balanced in resistance, are per- 
fectly sound both electrically and financially ; but in the latter the 
distributor system of positive feeding as in Fig 3, B, and the use of 
negative boosters, are equally sound. It is the conditions of under- 
takings such as Glasgow, but on a far larger scale, that have been 
specially considered in the paper. Mr. Yerbury's remarks re positive 
feeding are applicable to Leeds and Nottingham, but are far too 
sweeping as a general statement. 
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A consideration of the diagrams given by Mr. Trotter shows that by 
the use of negative feeders, suitably spaced and resistance balanced, 
ideal results electrically may be obtained, although for one value of the 
load distribution only ; but it is evident that with extra heavy loading 
the pressure loss in the return feeders and resistances could not, in 
view of the strictly limited line pressure, be tolerated. "This pressure 
loss, as has been remarked by Mr. Pearce, is the most important 
factor. 

To sum up then, the use of resistance-balanced negative feeders is 
correct in the case of undertakings having, for various reasons as 
described by Messrs. A. M. Taylor and J. G. Groves, a relatively large 
number of supply stations, but where the number of stations is rela- 


TABLE A. 
UEM Single Truck 
А ; | ars 
Date. Area. [a ope ation. em per Car. Observed by ‘Double Truck 
Cars 
1903 Fed from 127 9'4 Pearce and 
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Urban and 364 120 | Authors | 
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"—— he шз чыз. | 
1903 Centre of 173 102 Pearce and | 1903 44:1! 
city fed from; Gunton 
Bloom-street | 
1908 (low tension) * 186 IÓ'1 Authors 1908 26:1 


tively small compared with the intensity of electrical loading, the use of 
negative boosters will be found advantageous on many grounds. 
Tramway conditions are so variable in their nature that the authors 
have deemed it best to describe the electrically ideal use of negative 
boosters only, and they are pleased to find that their ideal agrees 
generally with the views expressed by Major P. Cardew and Mr. A. P. 
Trotter in notes on a paper read before this Institution by Mr. H. F. 
Parshall,* and also with the views of Mr. Н. M. Sayers.] Copies of 
these papers have been supplied to the authors by Mr. A. P. Trotter, 
although unfortunately too late for earlier reference. The authors 
treatment is based entirely upon their own researches into vagabond 
current phenomena, and such agreement in results is very satisfactory. 
The authors would remind Mr. Welbourn that at the outset of 
electrification in this country a line pressure of some 300 volts only 
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was permitted, as referred to by Mr. McMahon, and was subsequently 
raised to the present value, which is considered the maximum safe 
pressure as regards human life. If the pressure could be raised to 
1,500 volts as suggested there would undoubtedly be great saving, but 
the authors have seen 120 yards of trolley wire pulled down into the 
roadway, and would scarcely recommend any higher pressure than 
боо volts. A strong ground of objection to the catenary suspension 
would be its unsightliness. In many cases of congested traffic, as at 
the centre of Manchester, it would be better if the pressure could 
actually be reduced to, say, 350 volts, as the surplus pressure is largely 
wasted in the car resistances. 

The values of maximum demand per car which are asked for by Mr. 
Pearce are contrasted in Table A with the earlier values given by Mr. 
Gunton and himself, the increase being largely due to the greater 
congestion. 

In referring to the reluctance of engineers to employ feeders much 
larger than 1 sq. in. in cross-section the authors did not necessarily mean 
in one cable. They were referring to the wide area shut down in the 
event of breakdown of a feeder of such great current capacity, and they 
are well aware of the Manchester practice of employing two } sq. in. 
cables in place of a 1 sq. in. feeder. In Fig. 4 they themselves advocated 
such sub-division of the main feeder. Mr. Pearce emphasizes the value 
of £ s. d. in negative feeding, and submits that there isa great difference 
between “necessary” conditions and “ideal” conditions. Under the 
conditions dealt with in the paper the ideal conditions are also the 
necessary conditions. The authors would not, as already stated, 
recommend the general use of negative boosters at Manchester, 
Birmingham, etc., where owing to a combined lighting and traction 
load there are numerous stations. 

Mr. Ratcliffs defence of feeder resistances refers of course to 
conditions beyond the scope of the paper. The case of superimposed 
return circuits is illustrated by Fig. K. The negative feeder S F was 
long in comparison with S F,, and current flowed from the section A B 
to Е,, where it entered the independent station, to flow along the 
trolley wires and continue on its way to F, via the cars between C and 
some moving point O, whose position was fixed by the momentary load 
distribution in the various sub-sections. The length OC, although 
belonging to the station S,, was in reality, from an electrical point of 
view, added on to the sub-section F, C operated by the sub-station S. 
There was no difficulty with the over-compounded generators, since the 
outgoing and incoming currents at the stations were in perfect equality, 
but the rail drop was increased on sections B F, and F, C and reduced 
on section F,C. Such interference is common not only to neighbouring 
stations but even to neighbouring undertakings, and an undertaking 
having a low rail drop may be prejudiced by another having high 
values. In the case shown in Fig. K the exchange of current was limited 
by the insertion of a resistance in the feeder S F,, but this is correct 
for one value only of the load distribution. In an exactly similar case 
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at Birmingham a negative booster is inserted in the long feeder S F 
which provides compensation at allloads. If this negative booster iS 
cut out of circuit only some 25 per cent of the outgoing current returns 
by the long negative feeder, the superimposed current then being of 
a very high order. 

Mr. McMahon considers the use of circuit-breakers on the poles at 
New Jersey, U.S.A., to be very antiquated, and so perhaps it is in 
principle, but his objections are based on experience with fuses which, 
on blowing, necessitated an emergency call for their replacement on 
the spot. Remote control would remove the objections to automatic 
switches at the distant end of a compound feeder, and their use offers 


Fic. K.—Superimposed Negative Circuits. 


S = Sub-station feeding from A to B and C to D. 
S, = Steam-generating station feeding from B to C. 
F, F,. Е, = Negative feeding points. 


in certain cases important advantages. The main feeder shown in 
Fig. 4 consists of several independent cables and the danger of all 
breaking down simultaneously may be ignored. 

Mr. Atchison is correct in saying that the paper applies also to 
small undertakings which have outgrown their original feeding pro- 
visions, but the application to such cases requires to be carefully 
considered as this is purely incidental. It would be better if, as he 
suggests, ammeters were inserted in the negative feeders. The 
suggestions under the heading of construction have been carefully 
considered and are based on a knowledge of many accidents and 
mishaps. 

The booster scheme shown in Fig. 10 was accepted by the consult- 
ing engineers to the Stretford Council in preference to the one 
mentioned by Mr. Rowland, and, as Mr. Yerbury points out, the 
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point D is the only correct point of connection of the negative feeder. cellar oe 


One would have thought that the results attained would have satisfied Cunliffe. 
Mr. Rowland that the scheme was correctly designed. It would have 
been sheer waste of money to have run a cable in parallel with the 
track as originally intended by Mr. Rowland. 

The authors have no detailed information re the system of potential 
wires at Glasgow, but they have been greatly assisted throughout by the 
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Fic. L.—Potential Gradients between Earth-plates. 


A Fully developed gradient. 
B Same gradient plotted with + and — zones in juxtaposition. 
C Gradient showing effect of electrolyte around the — plate. 


peculiarly complete installations at Manchester, whereby the potential 

may be measured between any two points whatever on the whole 
. undertaking. If all undertakings were equally well equipped in this 

direction some surprising effects might in many cases be noticed. 

Mr. Trotter asks how Fig. 11 was obtained. In Fig. L is shown the 
potential gradient curve between two earth-plates in uniform earth 
plotted in two ways. A careful consideration will show that the vertical 
distance between the two curves, B, in Fig. L gives the potential 
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Messrs. 1: с. difference between two points іп the earth situated at the distances 

асс indicated from the two plates respectively. The same treatment applies 
to the potential difference along any line in the earth parallel to the 
rails, and the curve A in Fig. 11 is obtained in this way, the other curves 
being taken from similar gradients traced under the electrolytic 
conditions described. 
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THE “KNIGHT” PUBLIC FIRE-ALARM SYSTEM. 


By E. E. Moore, Associate Member. 


(Paper first received 21st November, 1912, and in final form 
22nd Fanuary, 1913.) 


This fire-alarm system has been invented and the apparatus de- 
signed to comply with the following requirements :— 

I. Faults of any description on the line should make themselves 
known at the central station or be readily discoverable from there. 

2. Any one of these faults should, by simple manipulation at the 
station switchboard, be cleared so far as its effects are concerned, so 
that the alarm-points are still able to send through an alarm. The 
fault or faults may then be seen to at the first convenient moment, 
after which the circuit can revert to its normal statc. 

3. Only the pulling of a firc-alarm handle, and nothing else, must 
give the fire signal at the station. 

4. The fire signal coming through should at once proclaim itself 
as a genuine fire-call. If more than one alarm-point is on a circuit the 
signal should then denote within 10 to 15 seconds of the start of the 
call the identical point which has been operated. 

5. It is an advantage for a code alarm to repeat itself, and a still 
further advantage for every alarm to record itself automatically. 

6. If more than one alarm-point is pulled at a time, there must be 
no confusion of signals, and yet no alarm must be lost by being auto- 
matically held up whilst a previous alarm is ringing in. 

7. The fire-alarm transmitter should be simple and positive in 
action. Once the operator has pulled the handle he should have no 
further power over the signal. 

8. When the transmitter has been pulled a bell should ring at the 
point, giving some idea to the operator that his signal is being trans- 
mitted. This bell should not ring unless the alarm signal is positively 
coming into the station. 

9. If telephonic communication is provided for the public to make 
use of, this should be arranged in such a manner that the telephone is 
not accessible for use, or cannot be brought into circuit, until the fire- 
alarm has been given and fully received. 

IO. District calls. coming into one station in large towns should be 
automatically transmitted to any other station or stations if necessary. 

II. It must be possible to add any reasonable number of new 
alarm points from time to time to the system. This should be done 
without necessarily running lines from the new point back to the 
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station. Lines from the new point to the nearest existing point should 
be sufficient. A new point should also not entail any alterations or 
additions to the station apparatus, nor should it be necessary to put any 
part of the system out of order whilst the new point is being con- 
nected up. 


THE “ KNIGHT" TRANSMITTER. 


The actual appearance of a transmitter is shown in Fig. 1, whilst 
Fig. 2 is diagrammatic of the same to simplify the explanation of its con- 
struction and working. The apparatus consists essentially of a small 
train of wheels capable of being driven by a spring which is enclosed 
in the spring-box. The clockwork is normally held in check by means 
of a release cam, which is solid with the release cam axle and engages 
with the pull trigger. It will be observed that this trigger is pivoted 
at the inside end of the pull-handle rod. When the handle is pulled, 
the trigger is likewise pulled forward away from the release cam, thus 
leaving the clockwork free to revolve. As soon as the trigger is clear 
of the release cam it is so weighted that it tilts upwards, and no matter 
how quickly the pull-handle may be released and pushed back by its 
antagonistic spring, it cannot stop the motion of the clockwork. It 
will be seen that this pull-handle and rod have nothing to do except 
release the clockwork. They do not, for instance, wind up a spring 
when pulled, entailing the release of the handle before the clockwork 
starts. А snatch pull has the same result as when a person pulls the 
handle and holds it out or gives it a succession of pulls. Once the 
clockwork has started, the operator has no further power over the 
instrument. All that the public is asked to do is to “ Break glass and 
pull handle." 

Geared to the release-cam axle in the ratio of 2 to 1 is the code- 
drum axle, carrying the code drum solid with it. The periphery of the 
drum is divided into a number of metaHic and insulating segments 
alternating with each other. Pressing on this surface are two code 
contact-springs. When the clockwork is released and the code drum 
revolves, as each metallic segment comes into contact with the code 
contact-springs, these two springs are earthed through the frame of thc 
transmitter. By suitable subdivision this code drum makes first а 
series of sharp regular intermittent contacts, and then follows a pre- 
arranged code made up of a series of longer contacts. 

When the code drum has made two complete revolutions the clock- 
work is stopped by the release cam again engaging with the pull 
handle trigger. Should the handle now be pulled again, the result will 
once more he as first described. This is all the actual gear neces- 
sary to transmit the signals to the station ; but among other things, 
provision has to be made for automatically holding up a signal should 
another post be in operation. For this purpose an electromagnet is 
provided, together with an extension circuit-breaking drum. This 
latter is on the same axle as the release cam. The holding-up arm 
operated by the armature of the electromagnet engages with a pin on 
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the code contact-wheel directly the two contact-springs are earthed by 
the first metallic segment after the pull-handle has been operated. 
Unless the current then flows round the electromagnet coils and the 
armature is attracted, the clockwork is stopped. The circuit-breaking 
drum normally keeps two pairs of line-extension contact-springs 
respectively in contact ; but when the clockwork starts revolving, and. 
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before the code contact-springs are earthed, the two pairs of line- 
extension contact-springs break contact electrically. 

The further explanation of the method of holding up signals will 
better be understood when we come to consider the diagram of con- 
nections. The remainder of the small train of wheels is mainly for the 
purpose of governing the speed of the clockwork. The fastest revolving 
wheel operates an anchor pawl to which is fixed a bell hammer, so that 
when the clockwork is revolving, the hammer is vibrated and rings a 
bell. This bell forms the answering signal to whoever has sent the call, 
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and gives him some idea that his pulling of the handle is having effect. 
As the battery is at the station, the electromagnet in the transmitter 
cannot be operated and thus release the clockwork after the handle has 
been pulled, unless the signal has reached the station. 

Telephonic communication is provided. With one pattern a jack 
only is fixed. In this case the firemen carry portable hand sets with 
them and plug in whenever they wish to speak to the station. The 
action of plugging causes the station to be rung up by a continuous 
ring, totally distinct from the regular warning intermittent ring given 
by the code drum. This method has the small advantage of doing away 
with the cost of fitting a telephone transmitter and receiver to every 
post, and incidentally minimizes any trouble which might occur on 
these in consequence of their being left in such a damp place as a street 
box. Against this there is the disadvantage of a portable hand set 
having to be carried about by anyone who wishes to get into com- 
munication with the station ; and it also of course precludes the possi- 
bility of anyone else speaking to the station. It is no doubt an 
advantage to the fire-brigade if, when giving the alarm, a person can 
supplement this alarm with some information regarding the extent 
and locality of the fire, but (and this is most important) the first and 
foremost object of an alarm system is to give warning to the brigade 
that they are wanted at a fire somewhere. Once they have got this 
assurance, and whilst they are turning out, then a word or two of 
explanation over the telephone, if it can be given without delaying the 
starting of the firemen, is to be commended. When therefore the 
public is given the opportunity to speak to the station it should only be 
possible when and after the complete fire signal has been received at 
the station ; and as the operator of the fire-alarm is generally in a more 
or less abnormal state of mind, only the simplest instructions should 
be in front of him to enable him to send the fire signal, without any 
confusing particulars of what he is to do in order to speak to the 
station. 

In the fire-alarm now being described, this practical requirement 
has been met in the following manner :— 

The only instructions which need appear on the outside of the box 
are “ Break glass and pull handle." On the mainspring drum is fitted 
a projecting cam which, when the clockwork has run for a few seconds, 
engages with the bolt that holds the door of the box fastened, and 
unlocks it. The door is then pushed open by means of a spring 
plunger suitably fixed. The door having opened, another instruction 
tablet is disclosed, which gives sufficient particulars to enable the 
operator to use the telephone that is accessible only when the door is 
open. Fig. 3 shows this box before an alarm is given, and Fig. 4 the 
same box directly the complete signal has been received at the 
station. 

The motive power to drive the clockwork is a strong spring. As 
stated above, the pulling of the alarm handle does not wind up this 
spring in any way, but only releases the clockwork. The spring must 
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therefore be wound up by the fireman who replaces the broken glass ; 
and it would of course be a very weak point in the system if by any 
neglect the alarm was left in an unworkable condition. The following 
simple arrangements are therefore made to provide against this :— 

On the pull-handle rod, and at right angles to it, is a projecting rod, 
while on the spring drum is a circular disc with a slot cut diametrically 
init. This allows the end of the projecting rod to enter, and the pull- 
handle to go right home only when the spring drum is in a certain 
position, which is when the spring is wound up. At any other time 
the pull-handle is forced out a certain distance, so that if a careless 
man put a new glass in the door and tried to shut the door when the 
spring was not fully wound up, the handle would foul the glass and 
smash it. 

The winding lever provided for winding the spring is fitted with a 
ratchet movement. A few down and up movements to this are suffi- 
cient to put the alarm in position again ready for another call. Should 
the winding lever not be placed properly back in position, the replace- 
ment boss on the door will automatically do this when the door is shut. 

The spring drum, code drum, and extension circuit-breaking drum, 
being in solid mesh, will all revolve in a backward direction when the 
spring is wound up ; and if no provision were made, would then send 
an erratic signal to the station and drop a flap there. Although this 
would not be recognized as a regular intermittent signal and fire-alarm, 
the necessity for dropping a flap at all is obviated by arranging a 
circuit-breaking lever operated by a cam on the winding lever, so that 
during the short process of winding, the code contact-springs are 
lifted slightly off the code drum, and the circuit cannot thus be put to 
earth through it. A non-inductive resistance of 3,000 ohms is pro- 
vided and connected across the extension terminals of the end post on 
a circuit. The telephone gear at the post consists simply of a micro- 
phone and a receiver. The receiver normally hangs on an automatic 
switch hook. 


STATION SWITCHBOARD. 


The station apparatus calls for no special description in detail, 
unless it is the drop-flap annunciator shown in Figs. 5 and 6. With 
this system the dropping of a flap alters 3, 4, or even 5 circuits, 
according to requirements. Thus besides being merely an annunciator 
it has further most important work to do. As may be seen by referring 
to Fig. 6, a circular form of circuit-changer has been adopted. The 
drop-flap is arranged so that in falling it engages with an arm which 
rotates the circuit-changing contact-springs through a certainarc. This 
instrument offers various advantages for this class of work :— 


(a) The contact-springs or blades are always at the same 
pressure on the segments of the contact ring, and are there- 
fore never liable to become “set” ; which is always the case 
when a spring is bent backwards and forwards with or 
against its direction of pressure. 


788 MOORE: THE “KNIGHT” PUBLIC FIRE-ALARM SYSTEM. 


(b) The contact surfaces have no practical resistance, and being 
rubbing contacts are thus self-cleaning. 

(c) There is no question of adjustment. If the flap is up, the 
springs must be on their proper segments ; and when the 
flap is down they must all have changed over to their other 
segments. 

(d) The weight of the flap acts only just in front of its dead- 
centre when in the up position; and as the flap does not 
engage with the lever which rotates the circuit-changer 
springs until it has fallen through an arc of about 25 degrees 
a very weak current energizing the electromagnet coil is 
sufficient to release it. Thus all the line current is called 
upon to do is to release the flap. It is the falling weight and 
leverage of the flap that supplies the energy to operate the 
circuit-changer. 


Fig. 7 gives the general appearance of a switchboard for 30 circuits. 
If only five alarm-points are connected to each circuit this board there- 
fore gives accommodation for 150 alarm-points. 

Having described such apparatus as calls for special attention, we 
are now in a position to consider the working of the system as a whole. 

Fire-alarms may be broadly described as either open or closed 
circuit systems. Fig. 8 shows the principle of the lay-out for fire-alarm 
points with the “ Knight" two-wire open-circuit system. Any number 
of points can be joined up one after another on a single circuit. Like- 
wise any number of circuits may radiate out from the station, each 
circuit having new alarm-points added to it as demands arise. This 
diagram also shows various call-bell groups running (in the case of a 
non-resident brigade) to the various firemen's houses. 

Fig. 9 gives the lines and box connections for circuit A. 

Fig. 10 gives connections for two call-bell groups with telephones. 

Fig. r1 gives connections for the station apparatus. 

In each of the call-boxes (Fig. 9) is the code drum, the extension 
circuit-breaking drum, and the electromagnet; the last mentioned, 
unless it is energized, holds up the clockwork after the handle has been 
pulled. It is proposed to consider the working of the system under 
every condition likely to be met with. 

(a) When a Point is operated.—The clockwork rotates the code drum 
and circuit-breaking drum. The latter first disconnects both lines 
from all points farther away from the station than the point operated 
on this circuit. The two code contact-springs are then earthed at the 
code drum, thus allowing current to flow from the station along both 
lines and through the electromagnet coils. The code drum continuing 
to rotate, the circuit to the station is thus intermittently earthed and 
broken. The result of this at the station board can be seen by referring 
to Fig. 11. 

The two lines become common after passing the test keys, the path 
of the current being through the circuit-changer operated by the drop- 
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flap annunciator, through the annunciator electromagnet winding to 
the top contact of the control-relay armature, through this armature 
to the electromagnet of the alarm relay, and then through the 
earth indicator, the battery, and back to earth. Directly the armature 
flap drops. its electromagnet coil is cut out, the line current being 
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Switched on to another segment of the circuit-changer, and from 
thence in series through each of the other circuit-changers on the 
board to the telephone speaking-key, and then direct to the alarm relay. 
The pulling of a transmitter handle therefore will ring the alarm-bell 
at the station, first with a series of regular intermittent warning rings 
and then with a code ring. The ink recorder joined in shunt with the 
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alarm-bell automatically starts and stops itself. It records every 
operation of the alarm relay. The record of a complete alarm-signal is 
shown thus :— 


(Code 231) 


The annunciator, therefore, at once discloses the circuit on which the 
alarm has been given, and the code gives the identical point operated 
on that circuit. 

(b) Two or More Points on One Circuit ous al or about the Same 
Time.—As there are a number of alarm-points on each circuit, and the 
point operated on that circuit is only recognized by its code signal, 
it is obvious that means must be provided to meet the contingency 
of one or more points being pulled at or about the same time, other- 
wise a confused erratic ring would result at the station were this state 
of affairs not anticipated. 

When an alarm-point is operated, all boxes farther away from the 
station (as we have before seen) are electrically cut off, and no current 
can reach them until connection is again made at the extension circuit- 
breaking drum, when the alarm at the post operated nearer to the 
station has finished its call. If a box therefore is operated whilst 
one nearer to the station on that circuit is operating, the clockwork 
is held up by the catch on the electromagnet, and no further manipula- 
tion of the pull-handle will affect this. The point to notice is that 
the clockwork is held up almost immediately after the handle has 
been pulled, and with the code contact-fingers earthing on the first 
metallic segment of the code drum. When the nearer box has finished 
its signal, and the extension lines are again joined up, allowing battery 
current from the station to operate the electromagnet and thus liberate 
the clockwork, the signal of the box that was till then held up will 
automatically come into the station. Now supposing box 22 is operated, 
and whilst running another point (say box 15) nearer the station is 
pulled. Directly this is done, box 22 is cut off, its signal ceases, and 
the alarm from box t5 comes into the station. But the code of box 
22, although it may be interrupted at any part of its signal, is not 
lost at the station. It will be remembered that the code-wheel revolves 
twice for each complete alarm. If box 22 is interrupted before the 
completion of its first code.signal, then it is held up at the end of 
the first revolution of the code-wheel; and when the lines are again 
joined through to it by the completion of the signals of a nearer box 
or boxes, then it automatically sends through and records its complete 
repeat intermittent, and code signal. If, on the other hand, box 22 
is interrupted after the completion of its first code, the clockwork 
runs down and the remainder of the signal does not come in. This 
is immaterial, as the first intermittent and code signal has already 
been received and recorded. 

(c) Two or More Points on Different Circuils operaled at o1 about the 
Same Time-—When an annunciator flap is dropped at the station, this 
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closes a local circuit which energizes the control relay. The common 
lead from all the annunciator windings through which the line current 
first comes, is carried to the normal contact-maker of this control-relay 
armature. ‘Therefore when an annunciator-flap is dropped, current 
is cut off from all other lines ; and if another point on another circuit 
is operated, it cannot drop its annunciator-flap and send its signal 
until the flap that is down has been replaced. When this is done, 
any point on any other circuit which has meanwhile been operated, 
but held up, will automatically come in. There is another contingency 
to provide for under this heading. Supposing points on two or more 
different circuits were to have their handles pulled at the same iden- 
tical moment. Then all of those circuits would drop their annunciator- 
flaps together. What is more probable to happen than this, is for 
points on two or more other different circuits to be operated at any 
time during the period that a flap on another circuit is down, and the 
signal coming in from the alarm first pulled. When the first flap 
is replaced, the other flaps on those circuits which are earthed will 
simultaneously drop. If no provision were made, the calls would 
come through from the different circuits under these conditions, 
intrmingling and causing confusion. This, however, is simply 
remedied. 

When the circuit-changer breaks the line current from the annun- 
ciator winding after dropping the flap, it switches the circuit on to 
each of the other circuit-changers in series, and finally on to the alarm 
relay. Thus with three circuits, A, B, and C, even if all drop their 
indicating flaps together, current is cut off from B and A, and only 
the signal on C will come in. When C is replaced, current is still 
cut off from A at B, and only the signal on B will come in. When B 
is replaced, the signal on A will come in. It will be noted that the 
point operated nearest to the station on a circuit takes precedence over 
other points which might be operated about the same time on that 
circuit, which is obviously a distinct advantage for the fire-brigade. 


FAULTS. 

(d) An Earth developing or Extraneous Current on Line.—This must 
necessarily show itself on the earth indicator. If it has a high resist- 
ance the deflection will be small, and will not affect the working 
results when an alarm is operated. "The indication, however, is there, 
and steps may be taken at the earliest opportunity to locate the leak 
and restore insulation. If, however, the resistance of this earth 
decreases and goes on decreasing, it will arrive at a resistance when 
it will allow sufficient current to pass to actuate the annunciator, 
drop its flap, and ring the alarm-bell, thus giving an audible signal 
that the circuit has a bad fault on it. This ringing of the alarm-bell, 
however, will either be erratic or continuous according to the nature 
of the earth. It cannot possibly be mistaken for a fire-call which gives 
a regular intermittent ring followed by a code ring. There are two 
test keys to each circuit, By pressing separately, first one and then 
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the other of these keys over the flap which has dropped, the line 
which has the earth on it is discovered, as the bell stops ringing 
when it is disconnected from the line at fault. The line disconnecting- 
screw is then taken out, and the circuit is again in thorough working 
order оп its remaining line. Extraneous current on the line may 
have the same effect as an earth. 

(e) A Line Broken and Earthed.—The foregoing description for an 
earthed line also explains the state of affairs when a line is broken 
with the broken end earthing. 

(f) A Line Broken and nol Earthing.—This is the only big fault which 
does not automatically make itself known at the station on this open- 
circuit system. It can very easily be tested for, however, by means of 
the two testing keys provided on the station board for each circuit. 
By referring to the connections of a series of alarm-points on a circuit, 
itgwill be seen that a high resistance is connected across the two exten- 
sion terminals of the last box. When the two keys of a circuit are 
simultaneously pressed at the station, a closed circuit is formed from a 
test battery, through one line, through every alarm-point across the 
contacts on their extension-line breaking drums, through the high 
resistance at the end of the line, back along the other line, through 
every alarm-point again by way of the other contacts on the extension- 
line-breaking drums, on to the station board, through the line test- 
indicator, and back to the test battery. This test need only take 
a couple of seconds for each circuit, and if the lines are intact the 
indicator pointer deflects to “lines in order," about threc-quarters 
of the way across the scale. It should be noticed that with a linc 
broken, even if it were undiscovered, the circuit is still quite in working 
order on its remaining line. Only in the very rare event of both lines 
becoming broken at once would this affect the working of the alarms, 
and even then those alarms on the station side of the breaks would 
ring-in if operated. 

(2) Two Lines in Contact on a Circuit.—This would not affect the work- 
ing of the alarms in the slightest, provided that there was no bad earth 
on the line, as of course an earth on one line would also earth the other 
under these conditions. The use of the test keys will discover, however, 
if any circuit is short-circuited, as when the two keys on a circuit are 
depressed, the current instead of going to the extreme end of the line 
and returning through the high resistance from there, will have a lower 
resistance circuit to complete, and consequently the test indicator will 
deflect past “lines in order” to “lines shorted.” The one operation of 
these test keys, therefore, discloses at once the fact if the lines are 
in contact or if cither is broken. 

(h) Lightning.—Lightning striking the lines will very probably drop 
an annunciator-flap at the station and give a short ring on the bell. No 
further ring, however, follows, Тһе annunciator having dropped, а 
buzzer is actuated until the flap is replaced. 

(i) Telephonic Communication.—Speaking from any alarm-point to the 
station is provided for by means of a central battery at the station 
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and without the use of any induction coils or condensers at the posts. 
Where the telephones are kept in the post in preference to having 
a jack only there, the transmitter is fixed and the receiver normally 
hangs on an automatic switch-lever. This lever, when relieved of 
the weight of the receiver, puts the two lines on the extension side 
through the microphone and receiver in parallel, and thence to earth, 
thus dropping the flap of that circuit at the station and ringing the 
alarm-bell there continuously. The duty man in answering the call 
presses his speaking key, which breaks the alarm circuit, putting the 
lines through to the telephone battery, and thence dividing to the 
primary of the induction coil and microphone on one side, and 
the secondary of the induction coil and receiver on the other side, and 
on to earth, when oral communication is established. 

The telephone at the alarm-box being connected to the extension 
lines is automatically cut off whilst an alarm is being sent in. Thus 
anyone snatching the receiver off its switch-hook directly the door 
opens would not affect the alarm signal in any way, as the microphone 
and receiver are not connected up to the station until the alarm has 
finished. If another alarm on that circuit should be operated whilst 
telephonic communication is being carried on, the duty man will get the 
distinct intermittent signal and code on his telephone receiver. If an 
alarm on another circuit is started, the signal from same drops its 
circuit flap and gives the duty man an intimation that an alarm-point 
has been operated. 

А high-resistance buzzer operated by the alarm battery gives warn- 
ing at the station so long as an annunciator-flap is down and no signal 
is coming in. An unmistakable audible warning is thus given to the 
duty man if he has neglected to replace a flap. 


CALL-BELLS. 


With non-resident brigades the men have to be summoned from their 
respective houses immediately an alarm is received at the station. The 
same thing holds good of course with resident firemen, as they have to 
be summoned from their quarters ; but a description of the necessary 
arrangements for calling out.a non-resident -brigade will cover both 
purposes. 

The whole of the men are not called out to a first alarm, the 
number depending upon the extent of the fire, and the circumstances of 
the case. The whole of the men are therefore split up into certain 
groups, say, A, D, C, D, and E, and these five groups are controlled by 
five corresponding circuits running out from the station board. Those 
groups that are required to turn out for a first call are switched on to 
the alarm-circuit by means of their group switches. Any signal now 
coming from an alarm-point will not only be heard and recorded at 
the station, but will be sent on to these call-bell lines by means of their 
circuit or circuits being closed by the lower contacts of the alarm- 
relay. These firemen will receive the unmistakable fire-alarm signal 
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consisting of aregular intermittent ring, and further (what is claimed 
as a distinct advantage on this system) each of those men will also get 
the code ring of the point operated. If this point should therefore 
happen to be nearer to his house than the fire station, a fireman can 
proceed direct to the alarm-point in question. 

If, however, the alarm is received at the station by some other 
means than an alarm-point being operated, the alarm to the call-bells 
has to be given from the station, but in a manner which leaves the 
firemen no doubt that it is a genuine fire-call, and not a telephone ring, 
or a fault on line. This is arranged by installing an auto call-switch 
on the switchbeard, and across the call-bell contacts of the alarm 
relay. This switch is merely a clockwork mechanism with a contact 
drum, which intermittently puts the call-bells through the battery to 
earth, and thus when running sends out the characteristic intermittent 
ring to the men. The pulling of the lever on this auto-switch winds 
up the clockwork, and releasing of the same allows the contact wheel 
to revolve with the afore-mentioned results. 

In some cases it is thought advisable to install telephones at the 
firemen's houses. The arrangements shown in Figs. 10 and 11 pro- 
vide for a common line to be run to all the firemen's houses. This is 
used only for speaking on, or calling up the station from any of the 
houses. This latter is automatically effected when the telephone is 
taken off its switch-hook, the circuit thus being earthed through the 
microphone and receiver, consequently ringing the telephone bell at 
the station. The pressing of the call-bell telephone-key will then put 
the station-telephone into circuit with the calling-up house. A man at 
any of thealarm-points can ask the station to put him into communication 
with any of thc firemen's houses. The station would then call up the 
required house, and when he had obtained an answer would also 
depress the alarm telephone-key. Both telephone-keys thus being used 
together would then put the alarm-post into direct telephonic com- 
munication with the desired house. 

The call-bells in the houses are used as the means of calling 
attention if the station wishes to speak to any of them. As, however, 
there is more than one bell on the circuit closed by its respective 
calling-up button, a prearranged simple code of signals is devised, 
say I, 2, 3, and 4 long rings respectively, if four houses are on the 
circuit. Each house need then only answer to its own call. 

A better arrangement, irrespective of expense, is to have each call- 
bell on a separate circuit from the station board, controlled by a 
two-way switch and ringing-up button. Any man who is away on 
leave, or from any other reason is not on the active list, need not then 
be called up with his group. Likewise any possible combination of the 
men can be called out at once. The telephones can of course work on 
the same lines as the call-bells, but a separate speaking-key or jack 
would be required for each circuit. 
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* KNIGHT" CLOSED-CIRCUIT SYSTEM. 


This system is the same in principle as the “ Knight” open circuit, 
but the method of connecting up the street fire-alarm points one to 
another is different, though the alarm-boxes themselves inay be the 


I о Пн 


gx — 


FIG. 12. 


same in both systems. This system also automatically draws attention 
at the station if a line should break at any time. This is the only 
difference in working results that there is with the two systems. 
Fig. 12 shows a circuit of alarm-points. These, it will be seen, are 
connected up in series on a loop metallic circuit. A current is con- 
stantly flowing round this loop, and any break in the circuit will affect 
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certain instruments at the station in a manner to give an audible 
signal. 

Figs. 13 and 14 give the lay-out for a number of points in a large 
town with three sub-stations. In Fig. 13 all the alarms ring into the 
central station, and the apparatus there will automatically repeat the 
district calls into the sub-station affected by them. Circuits 1 and 5 are 
repeated to sub-station Sr ; circuit 2 to sub-station S2, and circuits 
3 and 4 to sub-station S3. On the other hand, in Fig. 14 the fire-alarms 
from the various points are localized, the alarm-points in one area 
ringing into one sub-station, and the alarms from another area into 
another sub-station. Here again all or part of the alarms running into 
one station may be automatically repeated to any other station if 
necessary. The latter method of alarms coming direct to sub-stations 
is unquestionably the best. It is likewise important that a repeating 
system should be able to distinguish and sort out certain signals for 
certain stations, so that directly a signal starts to come into a station 
that station knows that it has to turn out at once. 

The station apparatus connections are shown in Fig. 15. The 
drop-annunciators, when energized sufficiently, fall and operate their 
respective circuit-changers. The fault indicatorsare held at one indica- 
tion so long only as they are energized, and show a different indication 
if current is cut off from them. The fault switches are used when a 
fault proclaims itself on the line as hereafter described. The switching 
over of any fault switch, besides altering certain electrical connections, 
mechanically replaces all the fault indicators, or rather such of these as 
may be in the short-circuited position, and if current is flowing through 
this part of the circuit they will be held there electromagnetically. 

Considering now the system as a whole, working under different 
conditions with which it may meet :— 

(a) Normal.—The closed circuit, starting from the battery, gocs 
through one coil of the alarm-relay, and branches out to all the discon- 
nection-test indicators. Each disconnection-fault indicator then con- 
nects on to its respective A annunciator drop-flap, from there to its 
own circuit-changer and out to A line. Referring to Fig. 12, it will be 
seen that the circuit is closed through every alarm-point. The circuit 
enters the station again through leg B, across B circuit-changer through 
annunciator B and to the earth-fault indicator. This latter, however, 
is short-circuited by its manually-operated switch. 

The whole of the B legs on all the circuits converge after passing 
their respective earth switches, and are joined across the B contacts of 
the control relay to the other coil of the alarm relay, thence to the 
other side of the battery, thus complcting the circuit. 

The fault indicators are wqund to 2,000 ohms each, and as the A or 
earth-fault indicator is always normally in circuit, only a small current 
is then passing round each of the loops. "This is not nearly sufficient to 
drop any of the annunciator-flaps er to actuate the alarm-relay. The 
whole system thus normally consists of closed metallic circuits, and no 
current is going to earth. 
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(b) When a Point is operated.—The circuit the point is on is momen- 
tarily broken at the extension-drum contacts, the disconnection-fault 
indicator is de-energized and short-circuits its own electromagnet wind- 
ing, so that this high resistance is cut out of circuit. Immediately 
afterwards (the clockwork at the alarm-point operated continuing to 
revolve) the circuit is intermittently put to earth at the code-drum con- 
tacts. The full current will then flow down each leg of the circuit, 
dropping both its annunciator-flaps, through the alarm relay to the 
main battery. This battery is split in the middle, where both circuits 
converge and go to earth through the code-recorder and earth- 
indicator. 

With the first full current, both annunciator-flaps drop and alter 
certain connections on their respective circuit-changes. No more 
current can now come in from B leg, as this line is switched on to A 
circuit-changer, which latter has now terminated B's line-connection 
there. The remainder of the intermittent code-signal and code can 
therefore only come into the station on leg A of the circuit, whence it 
now goes direct to the alarm-relay, A battery, through the recorder 
and earth-indicator as before, and then to earth. 

The intermittent and code signal of the point operated are thus 
rung out on the alarm-bell by the closing of the alarm-relay contact, 
in synchronism with the earthing of the line by the code-drum in the 
street. 

As may be seen from the diagrams of connections, the whole main 
battery is used for operating the alarm-bell when this relay-contact 
is closed, but only A half of the battery is used for operating the 
recorder. This latter instrument places on record every signal 
received, and the starting of its clockwork is utilized to break the 
fault-indicating circuit directly a signalling current is received, other- 
wise the alarm-bell would be ringing continuously as for a fault. 
Indeed, this is what actually happens when the complete alarm-signal 
has been received and recorded. When the recorder stops, the bell 
rings continuously until the fault indicator has been replaced. As the 
electromagnet of this is short-circuited until the annunciator-flaps are 
also replaced, the first-mentioned operation is not possible until the 
second has been performed. 

(c) Two or More Points on one Circuit operated at or about the Same Time. 
—As previously explained, when an alarm-point is operated, its signal 
can only come in on À leg of the circuit, or rather this is so when the 
circuit is in proper or normal working order. All alarm-points farther 
away down the line from the station are cut off from the station by the 
extension-circuit-breaking drum of the alarm-point operated. If there- 
fore another alarm-point farther away is operated whilst the first is 
sending in its signal, no current can reach it; and until it is again con- 
nected to the station battery by the nearer alarm-point finishing, 
it is held up by its electromagnet as explained in the open-circuit 
system. | 

This previous description will also explain what occurs when an 
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alarm-point is operated nearer to the station on the line than the one 
first started. 

It will be noticed from Fig. 12 that the alarm-point held up is con- 
nected to the station every time that the code contact-drum of the 
nearer alarm-point connects its two contact-fingers together. Each time 
this occurs, however, the contact-fingers are simultaneously earthed, so 
that all the current from the station battery flows to earth at the nearer 
alarm-point, the held-up point being short-circuited and recciving no 
current. Thus any number of points operated on a circuit will auto- 
matically ring out and record themselves at the station one after the 
other. 

(d) Two or More Points on Different Circuits operated at or about the 
Same Time.—Practically the same explanation applies as that given for 
the open-circuit system. 

(e) Repeating.—Provision is made for repeating any or all of the 
signals received at a station to one or more other stations. This is 
accomplished by means of the circuit-changers and repeating con- 
tacts on the alarm-relay. The former select the circuits which are 
to send their signals on to the other station or stations, and the 
latter makes and breaks this repeating circuit in synchronism with 
the original alarm-signal. By judicious arrangement of the various 
alarm-points in a large town, all points which have to call out 
another station besides the one they first ring into, may be connected 
to one circuit. Thus there is no necessity with this system for any 
stations to receive an alarm-call or an automatically repeated call 
unless that station has to turn out to it. By this method, on the 
first strokes of the warning intermittent signal being received, the 
men can be assembled, and by the time the code signal has rung 
they are nearly ready to be off to the fire. 


FAULTS, 


(f) An Earth Developing or Extraneous Current on Line.—The same 
explanation given for the “ Knight” open-circuit system applies so 
far as the results of an earth are concerned. The temporary remedy, 
however, is different with this closed-circuit system. The carth- 
switch is put to the fault position. This does three things: (1) It 
mechanically puts the B fault-indicator to show “earth”; (2) the 
short-circuit is taken off this indicator, the high resistance of its 
clectromagnet is put into circuit, and as it forms part of the closed 
metallic circuit, the indicator will be held in this position irrespec- 
tive of any current it may be receiving due to the faulty earth ; 
(3) the fault-alarm circuit is switched on. The circuit now has a 
resistance of at least 2,000 ohms between either side of the battery 
and the earth fault, and even a “dead earth" will not pass sufh- 
cient current to operate the annunciator-flaps or alarm. Directly 
an alarm is operated, however, the line is momentarilv broken and 
either A or B fault indicator is de-energized for a short period, thus 
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allowing it to short-circuit itself and cut out its resistance. Which 
of the two fault indicators is thus de-energized depends upon the 
alarm-point operated, and the locality of the earth. Obviously that 
indicator will remain unaffected which has nothing to break its 
circuit between itself and the earth-fault. Under these conditions 
the signal will therefore come in on that leg of the circuit which 
has the operated alarm between the station and the earth-fault. 
The alarm-point having been operated, the earth-fault is cut off from 
this leg by the extension-line contact-drum ; and the high resistance 
at the station on this leg having been cut out, the subsequent inter- 
mittent earthing of the contact-fingers on the code-drum will send 
the signal through to the station. 

(g A Line Broken and not Earthing.—In this case A fault indicator 
drops away, giving a visual indication “ broken circuit," and ringing 
a bell. It also cuts out the high resistance of its electromagnet. 
The A fault switch is put over, thus stopping the bell. Any alarm- 
point now being operated will come in on that leg of the circuit 
which has not the break between the point operated and the station. 

(h) A Line Broken and Earthed.—lf a line breaks and both of the 
broken ends become earthed, the result is of course the same as when 
а line is earthed without breaking. If, however, when the line breaks, 
only one of the broken ends becomes earthed, two cases arise: (1) 
leg A earthed ; and (2) leg B earthed. 

(1) A certain period of time, even if extremely short, must elapse 
after the break and before the broken end becomes earthed. Directly 
there is a break, the fault-indicator on leg A will fall away, indicating 
“line broken,” closing the alarm-circuit and giving a continuous ring. 
The subsequent earthing of this leg will have no further effect. 

(2) The A side will act as described in (1), but B side will also 
Close the bell-circuit through the alarm relay-contact. 

The temporary remedy for (1) is to change A switch over. This 
disconnects the alarm-bell from that fault-circuit, and any alarm that 
side of the break will come in on A side, whilst any alarm on 
the unearthed side B will come in on the B side. 

When (2) occurs, the changing over of A switch will not stop 
the bell ringing. The other fault-switch, therefore, being put over, 
the effect is as described in (f). The system is now again in work- 
ing order, and will receive any calls, and the faults can be remedied 
as soon as convenient. 

(i) Two Legs of a Circuit in Contact.—The method of joining up 
the boxes in all closed-circuit systems, viz. by loop-lines, generally 
obviates the necessity of running the out or A line on the same 
route as the in or B line, so that unless the two lines do run close 
to each other there is no chance of them making contact. 

With the system now being described, however, even if the two lines 
on a circuit become short-circuited, any point operated on that circuit 
under these conditions will ring into the station—provided, of course, 
that the lines are otherwise in order. But as any other fault will 
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proclaim itself, it is practically impossible for any of the alarm- 
points or lines to be in such a condition that they are not capable 
of sending an alarm in when a point is operated, without the station 
knowing of the fact and taking steps accordingly. 

(j) Telephonic Communication.—This is provided in a very simple 
manner similar to that in the open-circuit system. The receiver 
being taken off the hook, or the hand set plugged into the fire- 
alarm jack, the loop is earthed and the bell rings at the station. 
A speaking-key is provided for each circuit at the station. The 
automatic telephone-switch at the station breaks the fault alarm- 
circuit. 
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THE NATURE OF DIELECTRIC FATIGUE. 


By W. HOLTTUM, B.Eng. Student. 


(Paper first received 21st December, 1912, and in final form 
Sth March, 1913.) 


SUMMARY. 


Method of testing. 

Details of apparatus. 

Test results and deductions therefrom. 
General conclusions. 


METHOD OF TESTING. 


The following hypotheses of the nature of dielectric fatigue were 
made the basis of the method of testing adopted. A sample of insulat- 
ing material, say a sheet, has initially a certain instantaneous strength— 
defined as the greatest difference of potential which it is able to with- 
stand between its two sides for a very short period of time. It is 
reasonable to assume that the instantaneous strength will have, at any 
moment, some value between its initial value and zero, depending upon 
the treatment to which the sample has been subjected; and that one 
feature of a state of fatigue is that the instantaneous strength is below 
its initial value. 

Suppose, then, that an alternating pressure is applied continuously 
to cause a pressure gradient through the sheet. If fatigue results, then 
it may be said that the instantaneous strength has been reduced ; and 
one way of measuring the fatigue would be to measurethe instantaneous 
strength. It is also reasonable to suppose that for a given sample there 
is a certain minimum pressure below which there is no fatigue. Also 
there is the obvious practical limitation to experiment that a sample 
cannot be stressed until its instantaneous strength is less than the crest 
value of the applied pressure ; nevertheless, we may suppose that from 
sufficient data the curve showing the relation between the instantaneous 
strength and the time of application might be continued beyond the 
point of breakdown. 

The purpose of the investigation was thus to determine the relation 
between the duration of application of the pressure and the instantaneous 
strength when identical samples were tested at constant pressure and 
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frequency. Alternating pressures were used for convenience and also 
because it is gencrally supposed that it is not so much the stress as the 
change of stress that causes the decrease in strength. 

Previous attention which this subject has received * has consisted in 
applying an alternating pressure and measuring the time that elapses 
before breakdown, the results giving a series of curves (1) between the 
pressure and the length of time to breakdown at constant frequency, 
and (2) between the frequency and the time, at constant pressure. It is 
obvious that however many readings are taken it is impossible to find a 
relation between the time and the instantaneous strength. 

The first necessity, therefore, was to decide upon some method of 
determining the instantaneous strength, or some quantity equally 
informative. It would obviously be impossible to measure the pressure 
which the sample would stand for an infinitely short time ; an arbitrary 
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standard was therefore decided upon, уіл. ће pressure of а certain wave 
shape which would just cause breakdown if applied for үу sec. at 50 
frequency, and the expression “instantaneous strength” is used in this 
paper with that meaning except where another frequency than 50 is 
under consideration. 

The electrical pressure for carrying out the tests was obtained from 
a single-phase transformer having a ratio of 100:1 and giving a maxi- 
mum pressure of 20,000 volts (R.M.S.). 

Fig. 1 shows the principal connections, the two field regulators 
which were arranged close at hand being omitted from this diagram. 
V,, S,, and S, are fixed on a panel as part of the permanent transformer 
connections. Two motor-generators were used: (1) to apply the 
fatiguing pressure, and (2) to apply the +, sec. breakdown pressure. 
V, is a precision voltmeter for use on machine (1), and is connected 
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through a two-way switch S, so that the reading of the voltmeter V, can 
be periodically checked. The pressure was measured only on the 
low-tension side, the ratio of transformation having previously been 
ascertained to be the same for all induction densities inside the working 
range. 

The method of testing was as follows :— 

The switches being ready, i.e. S,, Sa S, and C open, and S, $, 
and S, closed, and the rheostats having been set to give the desired 
pressure on each machine—the drop of pressure caused by switching 
on the transformer being allowed for—the sample is placed in position 
and the switches S, and S, are closed. The pressures are observed 
again and the rheostats adjusted if necessary. The switch S, is closed 
to contact a and the time noted on a stop-watch. Machine No. 1 is 
now connected to the transformer, and the sample is subjected to an 
alternating pressure V,. At the end of the intended fatiguing period /,, 
S, is opened, and S, is opened and S, closed in quick succession ; then 
approximately 0'3 sec. from the instant of opening S, the contact C is 
made and held for уу sec., thus applying the pressure V, from machine 
No.2. Switch S is then pulled out, and S, and S, are opened at leisure, 
and the state of the sample—that is, whether broken or unbroken—is 
noted. The mode of operation of the switches will be described later. 

To find the instantaneous strength of a sample after fatigue for 
і, sec. at the pressure V,, a value of У, was chosen and a sample 
tested as described ; if the sample broke another was tested with a lower 
value of V. A sample was generally discarded after test, whether 
broken or not, as the effect of the test on an unbroken sample being 
unknown the result of any further test on it would have therefore been 
unreliable. It was sometimes desirable, however, during the first few 
tests with each pair of simultaneous values of V, and £, when the 
required value of V, was not known even approximately, to repeat the 
tests on any unbroken samples, as an indication whether the value of 
V, chosen was near that required or not. The choice of the value of V, 
for each test was based on the previous results, until a value was found 
at which an approximately equal number of samples were found to be 
broken and unbroken after test. This was the required value of V.. 
The number of samples necessary to find one such value varied from 7 
to 22, the average being 14. It was generally assumed to be conclusive 
if out of 6 or 8 tested with the same value of V, one-half were broken 
and one-half were not. It should be possible to obtain in this way for 
any frequency and at each jpressure a curve of instantaneous strength 
on a time base, the frequency of machine No. 2 being maintained 
constant at 50. Hence if то frequencies and ro pressures were selected, 
100 curves would be required for a complete set of results, and allowing, 
say, 8 points to each curve and 12 samples to each point, this would 
require the testing of тоо x 8 X 12=9,600 samples. It was expected, 
however, that from a much smaller number a sufficient indication of 
the nature of the curves could be obtained. 

All the testing was done under oil, the principal reason for this 
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being that during a test in air there is a considerable and rapid rise in 
temperature, easily noticeable to the touch after the pressure has been 
applied for a few seconds. This rise in temperature probably affects 
the strength, and though it might be regarded as one of the factors 
contributing to the phenomenon of fatigue, the object was to get 
information about fatigue other than that due to heating. Testing 
under oil effects this to a certain extent, by cooling and by preventing 
the brush discharge round the edges of the electrodes. It is 
open to the objection, however, that prolonged submersion in oil is 
likely to increase the instantaneous strength ; but as the test pressure 
was applied immediately after placing the sample in position, the 
period of submersion before the end of the test was generally not 
more than half a minute. The materials tested consisted of ebonite 
4 mm. thick and presspahn 1 mm. thick. The ebonite was found to 
have its instantaneous strength increased by about 2 per cent after 
5 minutes' soaking in the transformer oil used, whilst the strength of 
‘the presspahn increased about 5 per cent after soaking for 1 minute. 
The presspahn, however, was generally tested less than то seconds 
after immersion. 
DETAILS OF APPARATUS. 

The switches S, S,, Se 5л, and the contact C were automatically 
. operated. The reasons for doing this were: (1) to ensure that the 
pressure V, was applied as soon as possible after the removal of the 
pressure V, in order to avoid possible recovery from fatigue, and also 
that the interval should be the same in each test ; and (2) to arrange 
that the contact C should be maintained for the exact time required, 
and, what is more important, always for the same length of time. This 
was done by making S, S, and S, special quick-acting switches, 
operated by releasing catches—S, does not require to be quick-acting 
but was automatically worked for convenience, its object being to put 
the transformer out of action as soon as the test was over. These 
switches were arranged side by side under a shaft, from which 
projected radial arms of such a length as to trip the switches. The 
shaft was provided with a drum round which a string suspending a 
weight was wound : and four balance weights served the purposes of 
balancing and supplying the moment of inertia. A view of the apparatus 
is given in Fig. 2. 

One radial arm engaged with a catch, which when released left the 
shaft and its attachments free to rotate under the pull of the string. A 
brake was fitted to the under side of the drum to bring the rotating 
part to rest when the switches had all been operated. The apparatus 
was controlled from another table, 5 ft. away, by two wires, one to 
release the catch and one to put on the brake. The brake once on was 
kept in operation by a spring catch on the control table until released. 
After a test each switch was set by hand, and the string was unhooked 
from its peg on the drum, taken one turn round the latter, and hooked 
on again (the switches were in the way of the shaft being rotated back- 
wards to wind the string on the drum). 


FIG. 2. 
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The principal features of interest are the design of the switches S,, 
S,, and S,, and the contact C. Fig. 3 shows S, which operates as 
follows : The catch a, pivoted at the bottom, on being knocked back 


FIG. 3. 


by the rotating lever R releases the upper spring c, which flies up and 
has its vibrations immediately stopped by the rubber-padded buffer b. 


FIG. 4. 


The lower spring d rises about 4 in. as far as the stop e, the contact 
then being broken by the two springs separating. 

Fig. 4 shows S, In this f is a similar catch to a in Fig. 3, except 
that it holds a spring up instead of down. When this is knocked back 
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the spring g descends, the lower projecting slip passing between 
the two springs k and closing the circuit. As these springs are 
made of hard brass strip # in. х уч in. it is obvious from the pro- 
portions of the switch (the rotating lever above being 34 in. long from 
centre to end) that the actions of S,and S, when the catches a and f are 
released are practically instantaneous. Sis an ordinary knife switch 
placed between S, and S,, which are close together. In order to 
prevent S, and S,-being closed at the same time, thus paralleling the 
two alternators if the other switches were closed, a lever was pivoted 
on the support of S, the ends of it being shown at p in Figs. 3 and 4: 
hence S, could not close until S, had opened and allowed its end of the 
lever to rise. 

Fig. 5 shows the switch S, and the contact C. The latter consists 
of a stationary contact arc, and two brush arms on the shaft. One 


FIG. 5. 


brush arm and brush are indicated ; j k is an ebonite guide plate which 
the brush traverses first, and k/ is the brass contact arc, these being 
supported on an ebonite stand. The high-tension circuit through C was 
completed by a fixed brush rubbing on the shaft, which was earthed as 
shown in Fig. І. The effective contact arc could thus be made any 
size between once and twice the length of the fixed arc by altering the 
angle between the brush arms. 

The brushes were of springy brass foil, $ in. square, projecting. 
They had each 5 longitudinal cuts in them, thus making six independent 
brushes barely 4 in. wide, and ensuring a good contact. The switch 5, 
is operated by the arm m being knocked from between its holding 
spring contacts л, which are also attached to the ebonite stand. On 
being released m is instantly brought to the horizontal by a spring al 
its hinge at the bottom. A spiral spring was attached to each of the 
catches a and f, and to the arm m, tending to operate them, and was 
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adjusted to such a tension that the catches were on the point of being 
operated ; in this way the force to be applied by the rotating part was 
reduced to a minimum. The method of calculating the angles at which 
the radial switch arms had to be set is explained below. In order to set 
these, a metal disc, 7 in. in diameter, was fixed to the side of the drum, 
and the desired angles were marked round this disc with brass indices. 
A pointer was fixed to the base of the machine, and each arm was set 
to operate its switch when its index came opposite the pointer. 

The switchgear was arranged to act as desired in the following 
manner : It was found convenient that the first revolution should take 
I'75 secs. Assuming uniform acceleration this means an acceleration 
of 4'1 radians per second per second. The arc of the high-tension 
contact was made o'5 radian long, and thus апу angle of contact from 
o'5 to го radian could be obtained. An angle of 0:6 radian proved con- 
venient. Starting from this the following table of action of the machine 
was calculated :— 


Time from Release. | Angle turned through. | Operation. 
EM t мы ы зы” ay dba ЗСА ОВОИ НЕЧИЕ 
| cr ves | H.T. break 
I'157 1570 L.T. break 
I'164 159:3 L.T. make 
I'414 2349 H.T. make 
1°514 269°3 H.T. break 


The switch arm for S, was set to operate S; when the high-tension 
contact was well opened. 

The moment of inertia and frictional resistance to motion were then 
found, showing that a weight of 388 grammes was required to give the 
necessary acceleration. The moment of inertia, I, was 413,000 gramme- 
cm.? and the friction, F, was equivalent to a pull of 40,000 dynes in the 
string. 

For the comparison of the test results obtained, it is only necessary 
that the time for the high-tension contact and the lengths of the various 
intervals should be the same for every test, and whether they have the 
exact values intended, so long as they are reasonably close to those 
values, is really of no importance. Assuming a possible error of 
IO per cent in the value of I and of 100 per cent in the value of F, the 
consequent variation in the time of holding on for the high-tension 
contact is only 8 per cent. The only cause that can producea variation 
in this time during the tests is an alteration in the value of F. If this 
quantity were to double in value or to decrease to one-half, the variation 
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in the time of the high-tension contact would only be 5 per cent, and 
an alteration of 10 per cent in F would alter the time less than 1 per 
cent. In actual working there is included with F the resistance due to 
operating the switches and the high-tension contact. Thisis something 
like a force of 150,000 dynes acting through an angular distance of 
ту radian, which is equivalent to 3,200 dynes acting throughout the 
motion, so that the above considerations are sufficient to show that no 
trouble would arise from irregular working of the switchgear. 

The electrodes were turned from brass plate үұ in. thick, and had 
rounded edges of } in. radius, the bottom one being 24 in. outside 
diameter and the top rj in., so that the diameters of the areas in 
contact with the sample were rg in. and 1 in. respectively. The upper 
disc carried a lead weight, making the pressure on the sample 4} Ib. 

It may be questioned whether the 0'25 sec. allowed between the 
closing of the low-tension and high-tension circuits is sufficient for the 
transformer to settle down to normal working. In view of the absence 
of all knowledge of how the instantaneous strength recovers after the 
removal of the fatiguing pressure, it was necessary to make this period 
as short as possible ; but lack of time prevented the effects of different 
intervals being tried. The worst case of switching on occurs when the 
primary circuit is closed at an instant when the pressure is zero and 
the remanent magnetism is a maximum in the same direction to 
that in which the flux is required. The consequence of this would be 
that there is a rush of current which may affect the secondary poten- 
tial difference in two ways: (1) By demagnetizing the alternator and 
causing a drop in the primary pressure, and (2) by introducing a 
considerable resistance drop in the primary and so reducing the 
electromotive force to be induced. Oscillograms were taken of the 
primary pressure and current at closing the primary circuit on both 
machines, and showed that when switching occurred at zero pressure 
the pressure wave became normal in less than one cycle. This takes 
no account of remanent magnetism, but it could not cause by itself any 
serious disturbance of the pressure wave. 

This disposes of the first possibility ; the second is settled by the 
following considerations. The current wave does not require to arrive 
at its normal value before the pressure wave practically coincides with 
its final form ; all that is necessary is that the loss of pressure duc to the 
magnetizing current shall not be considerable ; this will be the case for 
the то cycles or soallowed. The consistency of the results is sufficiently 
conclusive that there can be no serious disturbance from this cause. 


TEsT RESULTS, AND DEDUCTIONS THEREFROM. 


Ебопіќе * was chosen for the first tests because of its probable 
homogencity and uniformity. It was found, however, that it cannot be 
obtained in large quantities with absolutely uniform thickness, and the 
4-mm. pieces ordered, 7 cm. square, varied from 0:48 to 0:58 mm. in 


* The ebonite used was the quality N.N. of Messrs. H. Traun & Sons 
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thickness. Hence the samples had to be sorted into their different . 
thicknesses, 0°45 mm., 0°46 mm., 0'47 mm., etc., and tests made оп one 
thickness at a time. This had the advantage that the instantaneous 
strengths for different thicknesses could be found. The samples were 
all tested with no other preparation than wiping with a dry soft duster. 

Fatigue tests were carried out on pieces 0'48 mm. thick; and 
33 samples were tested continuously to breakdown, with the wave 
shape from machine No. 1 in order to find a suitable fatiguing pressure. 
The period before breakdown was found to be longer the lower the 
pressure used, but it was also much more variable as found by Mr. 
E. H. Rayner.* 

‘For convenience the symbols V, and V, will be used to signify 
R.M.S. kilovolts when the transformer is being supplied by machines 
Nos. 1 and 2 respectively. It was naturally supposed that the pressure 
giving the most uniform time to breakdown, provided such time was 
sufficiently long, would also yield the most consistent fatigue results ; 
and so a fatiguing pressure of 13:4 V, at 50 frequency was first selected, 
this causing breakdown in about 17 secs. on an average. 


TABLE I. 

| Duration of V, kil | У, (С Kilovolt M ere No. of 1 
шшш | Уш з | T (Ore. | tested. 
ee Е D Жа —_ | 
| o | 14:6 | 237 49'3 | 
I 145 — . 235 48'9 E 13 | 
ES 

5 144 233 48'5 II 

| | 


143 | 23'I 48:2 

Although good agreement was obtained between all the tests at 
I sec. and 5 sec., the то-ѕес. tests were far from consistent, 5 of the 
II samples breaking down before the то-ѕес. period had elapsed, and 
3 having a residual strength of over 143 Va Further tests at 15 sec. were 
made with still more uneven results, 11 out of 19 samples breaking in 
less than the 15 sec., and 5 of theremaining 8 having a residual strength 
of over 14:2 У. The highest pressure which could be applied indcfi- 
nitely without breakdown was 12:6 V,. Hence the maximum amount 
I6'2 — 12:6 

16:2 
the initial instantaneous strength. The above results and others not 
recorded here show that when the weakening, or fatigue, becomes 
greater than about r7 per cent it is too uncertain to measure with 
any precision. 


of weakening possible was , Or 2272 per cent, 16:2 V, being 


* Fournal of the Institution of Electrical Engineers, vol. 49, p. 11, 1912. 
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The fact that some samples break before the fatigue time has 
elapsed while others have still a residual strength within 1 or 2 per cent 
of the initial instantaneous strength shows one of two things (or 
possibly a combination of both): (1) The instantaneous strength 
recovers very rapidly after the removal of the fatiguing pressure, i.c. in 
the o'29-sec. interval before the application of the second pressure ; 
or (2) what seems more probable, the instantaneous strength decreases 
very rapidly immediately before breakdown ; that is, the curve of 
instantaneous strength would appear to be of the form shown in Fig. 6. 
Fatigue tests could then be made to about the point a, but after that 
no certain information could be obtained, because of the variableness 


Instantaneous sbrength. 


Time. 
FIG. 6. 


of the time that elapsed before breakdown for the different samples. It 
was expected that the decrease of instantaneous strength when the 
point a was reached would have been a much greater proportion of its 
initial value. Had that been the case, and had it been sufficiently 
uniform to be accurately measurable, tests would have been made to 
find the rate of recovery of strength after fatiguing. Similar tests were 
made on presspahn, but the results were much less consistent than the 
above, so much so that no deductions could be made from them. 

Two samples of ebonite o'5 mm. thick were tested, for longer 
periods at the highest pressure which did not give early breakdown, to 
see if any fatigue was noticeable. In the first a pressure of 13 V, was 
applied for 44 hours, and then the pressure was gradually raised to 
15:2 V, in 8 sec., the sample breaking at that pressure. 
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The instantaneous strength with machine No.1 should be about 
I6'6 for this thickness. Considering how slowly the pressure was 
raised, this does not indicate any fatigue previous to the raising of the 
pressure. The other sample had a pressure of 13'1 V, applied for 
4} hours, instantaneous pressures of 14'5, 15, and 155 V, being subsc- 
quently applied by the switch device; the sample, however, remained 
unbroken. The pressure was then raised gradually to 17:5 V,, at which 
point breakdown occurred. This appears to be an abnormal sample. 

The switchgear was then utilized to find the initial instantaneous 
strength of various thicknesses of ebonite and presspahn at various 
frequencies. These results showed a much greater degree of con- 
sistency, and since the breakdown is caused by about 5 alterations, 
more or less according to the frequency, they may be regarded as 
fatigue tests, though not giving information on the lines originally 
intended. An examination of the detailed tests from which the results 
were deduced leads to the conclusion that the limit of error in the 
figures given is not more than o'1 kilovolt. The following figures were 
obtained for ebonite, and are arranged in the order of frequency :— 


TABLE П. 
ү, | У, 
—— ———— 
edd Frequency. К.М.5. | ала ы est), | R.M.S. muc 
см7 nase " а Еее. i 

0°48 50 16°2 492 — — 
0:56 50 17:6 | 45:8 E = 
0°48 60 15:8 | 480 = m 
0'49 34 == | == 15°7 519 
0°54 34 EE MEL 16:6 496 
0°46 40 == E 149 52°5 
O'50 40 — — 15:6 50°4 
0°57 40 = = 16°5 467 
0°47 45 P s I4 5r2 
O'SI 45 es I5 50'0 
0'57 45 = = 16" 46:6 
0°48 50 =з an 14" 493 
0°56 50 — — 16°0 46'1 
0°45 60 D JE 146 52°3 
0°49 60 — 15:6 5r 
O'55 60 = 16°3 47 


The average number of samples per test was 13. The temperature 
of the room did not vary more than 3 deg. C. throughout the tests, and 
three of the above results were checked at a later date and found 
correct, so that they are all comparable. 

The following are the principal points to be noticed in connection 
with Table II :— 

I. Three thicknesses were tested for each of the frequencies 40, 45, 
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and 6o. Taking the equation T* = КУ, where T is the thickness, Ka 
constant, and V the instantaneous strength, 0°46, 0°62, and 0°55 are 
calculated as the mean values of x for the above frequencies respec- 
tively. The mean of these values is about o'5, the figure generally 
accepted. 

2. On considering the variation of the breakdown pressure with 
frequency, it appears that the lowest pressure is required at 50 
frequency. ‘The natural assumption, of course, is that the pressure 
required for breakdown would be greater the lower the frequency, but 
this appears to hold only below 5o cycles. That the instantaneous 
strength above this frequency is greater requires more strict investiga- 
tion before acceptance. 

3. The comparison of the figures for V, and V, in Table II is 
interesting in view of the wave shapes of the two machines. Machine 
No. 1 isa r-h.p. generator with a rotating drum armature, and a per- 
fectly smooth wave shape, amplitude factor 1:456 Machine No. 2154 
IO-kw. generator with a rotating field and a very uneven wave shape, 
amplitude factor 1:615. The load of the transformer running light was 
found to be insufficient to alter the value of the amplitude factor ; the 
degree of saturation of the field did not alter it, probably because thc 
poles had no projecting shoes, and at the highest pressures required 
they were not saturated ; it was likewise unaffected by frequency. 
The figure 1'456 would be less likely to alter in view of the nature of 
machine No. r. The part of Table II which is of interest in this 
connection is reproduced in Table III :— 


TABLE III. 
Vi V; 
ИШ p eee | юм ШЫР юма Durs 
= | pes і | EE dum 
0°48 | 50 16°2 492 | 14 6 | 493 
oS6  : 50 17:6 458 ! 160 © 461 
0°48 | 60 ' I15'8 480 | — | — 
o49 | б | — — | 156 | 513 
0'55 бо = = 163 478 


= ——— — — — — 


It will be seen that the crest values of V, and V, agree fairly closely 
for each thickness at 50 frequency, and not quite so well at 60. 
When samples were tested continuously to destruction, a crackling 
sound gencralli commenced some little time before breakdown, 
accompanied by a visible discharge at the sample, and this usually 
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continued uniformly until breakdown. 


were found :— 


TABLE IV. 


The following average figures 


А à Duration of 
Thickness Kilovolts per | Total Time No. of 
in mm. Frequency. mm. (Crest). in sec, voces Samples. 
0°48 40'0 406 93'0 11°80 9 
0°48 50°0 40°6 II'I 10°30 12 | 
| 
0°52 50°0 38°6 28°7 II'17 6 | 
0°48 66°7 40'6 I2'I 6°43 7 


We see that the figures for the time of crackling are much more 
regular in their relation to each other (i.e. diminishing slightly as the fre- 


quency increases) than the total time to breakdown. 


There was also 


less difference in the duration of crackling for the individual samples 
than in the total time. 

The most likely explanation of the phenomenon seems to be that it 
is duc to the expulsion of the oil from the surface of the sample over a 
small area at the edge of the smaller electrode, this being the place 


where the sample ultimately broke. 


It seems possible that the crack- 


ling sound may indicate the absorption of power by the sample under 
test. It is shown by Mr. Rayner in the paper already mentioned that 
as the point of breakdown is approached the amount of power absorbed 
increases. 

The following figures were obtained from the tests on presspahn :— 


Oil Temp. deg. C. | 


| 


—————— | ———— ———-———-————_ —+&——-———:-——!-+- ———-—-———_..._—_.___ —. 


FEM 
I5'90, 15:65 t | 
15°65 

15°90 
I5'IO 
15°65 


I5'90 


ев Frequency. 
I 40 
| ood 50 
| 1'03 50 
I'O 50 
| I' 50 
1°08 50 
гоо бо 
гоз бо 
1°04 60 


* Doubtful readings. 


TABLE V. 

Va 
RMS. e (Crest). 
18: 28:6 
16: 27°7 
18:6 29'2 
18:6 28'9 
175* 2677 
17°6 26°3 
18°15 29'2 
17'9 28'I 
18:2 28:3 


T Test made at each temperature. 
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The average number of samples per test was 16. These figures 
show less consistency than those for ebonite, but it was possible to find 
quite definite values for the instantaneous strengths except in two 
cases. 


GENERAL CONCLUSIONS. 


1. That fatigue due to electric stress alone is almost negligible for 
ebonite and presspahn until the point of breakdown is approached, the 
greatest amount measured for ebonite being 2 per cent of the initial 
instantaneous strength (as defined above). 

2. That the least pressure which will cause breakdown if applied 
continuously is about 80 per cent of the lowest measured value to 
which the instantaneous strength can be reduced by fatigue. 

The conclusion of greatest practical importance that can be drawn 
from these tests is that the dielectric strength of ebonite for sudden 
stresses lasting for a fraction of a second is only some 28 per cent 
greater than it is for long-continued stress, and that any ebonite used 
for insulation purposes should be designed for the greatest pressure 
which may occur as though that pressure were continuous. 

The work here described was carried out at the Laboratories of 
Applied Electricity, Liverpool University, under the supervision of 
Professor E. W. Marchant, to whom the author wishes to express his 
thanks for valuable advice throughout the work. He also wishes to 
thank Mr. F. Mercer, B.Eng., for assistance in making some of the 
tests, and for doing the oscillograph work. 
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46, 895. 
Applications of electricity in engineering and shipbuilding works. A. D. 
WILLIAMSON. (P) 32, 925. 
Arc Lamps. L. ANDREWS. (P) 87, 4. | 
enclosed, mechanical details of. J. P. SLerGH. (Rey) 32, 1161. 
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and magnetic properties of iron alloys. (P) 31, 674. 

BangRiTT, E. H. Speech at the Gilbert Tercentenary Commemoration. 33,71. 

Barry, Sir J. W. Elected Member of Council. 31, 1861. 

Metrical system of weights and measures. (pb) 32, 309. 

BARTLETT, A. T. Losses in pole-shoes. (р) 40, 598. 

Testing of alternators. (p) 42,218. 

Barton, E. C. Purchase of the Medical Examination Hall. 41, 860. 

Bastian, C. О. Leading.in conductor for olectric lamps. (P) 39, 490. 

Mercury arc. (Ref) 37, 443. 

ВАТЕ, A. Н. Crane motors. (р) 36, 316. 

Eddy-current brakes. (p) 38, 470. 

Heating and sparking limits in variable-speed motors. (р) 38, 121. 

——— —  Hissing of the Nernst lamp. (р) 31,1197. 

Motor-starting switches. (P) 32, 1088. 

— —— Recent improvements in electric lighting. (p) 39, 359. 

Testing generators by air calorimetry. (p) 33, 60. 

BarHunsT, F. Obituary notice. 32, 1147. 

Batteries. See under Miscellaneous (Batteries); and also under Generators 
(Balancers and Boosters). 

and boosters. L. BRoEKMAN. (Ref) 87, 443. 

— discharge of. Е. P. Horus and E. R. ALEXANDER. (Ref) 

81, 444. | 

storage. J. R. SALTER. (P) 37, 228. 

-——— with reversible boosters. С. TURNBULL. (Ref) 358, 588. 

Battery, Benkö primary, and its applications. W. R. Cooper. (Р) 
46, 741. 

economics and battery discharge arrangements. A. M. TAYLOR. 
(Р) 47,398. 

BaATTERSBY, A. Obituary notice. 37, 437. 

BAXENDALE, A. 8. Appointed Local Honorary Secretary for Straits 
Settlements. 33, 1187. 

BAXTER, W. Regenerative control. (p) 38, 394. 

BAYLOR, А. K. Regenerative control. (р) 38, 390. 

Влүгү, С. F. H. Electrical power in warehouses and docks. (р) 41, 31. 

Steam power plants. (р) 34, 386. 

Baynes, S. W. Motor converters. (р) 43, 415. 

BEADLE, C. Testing rubber for electrical work. (p) 44, 747. 

BEAUCHAMP, J. W. Cost of electrical power. (р) 40, 389. 

Magnetic properties of carbon-tungsten steels. (р) 42, 678. 

——— — Magnetic testing of iron. (р) 40, 152. 

Plans and records for electrical distribution systems. (P) 42, 575. 

Beaumont, W. W. Rail corrugation. (р) 39, 21. 

Beaver, C. J. Chemical action in the windings of high-voltage machines. 
(р) 47, 551. 
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BEAVER, C. J. (continued). Dielectric strength of insulating materials. (D) 
Д), 44. 

Electric traction vagabond currents. (р) 43, 477. 

Flexibles. (р) 39, 118. 

— ——- Heating of cables with current. (р) 47, 745. 

—— —— Laying and maintenance of transmission cables. (p) 47, 346, 366. 

— ——— Physical properties of switch and transformer oils. (р) 48, 203. 

Testing of rubber for electrical work. (p) 44, 739. 

Braver, C. J., and ATKINSON, L. B. Selection of cables. (Ref) 38, 588. 

BEDELL, B. Н. “G.B.” surface-contact system. (D) 42, 493, 513. 

Breton, Н. R. Profitable sale of electricity. (p) 31, 507. 

BEHN-EscHENBURG, H. Award of premium. 38, 1183. 

Magnetic dispersion in induction motors. (P) 33, 239. 

BELL, J. A. Equitable charges for tramway supply. (p) 44, 648. 

BELL.J. H. Practical aspects of printing telegraphy. (p) 47, 521. 

BELL, L. Metal filament lamps. (p) 41, 664, 673. 

BELLAMY, A. R. Large gas engines for driving electric generators (Ref) 
31, 1370. 

BELsEY, W. J. Induction motors. (р) 41, 768. 

Motor driving. (Ref) 37, 443. 

BENEDICKS, C. Magnetic properties of carbon-tungsten steels. (p) 42,680. 

Benevolent Fund. 32, 1125; 33, 1187; 38, 559; 87, 392; 39, 758; 41, 825; 
43, 789; 45, 736 ; 47, 832. 

Bengal, preservation and packing of plans for and in. P. Brisu. (р) 
82, 1039. 

Benkö primary battery. W. R. COOPER. (P) 46,741. 

Benner, S. Surface-contact systems. (р) 31, 881. 

BENNETT, А. R. Corporation telephones. (Ref) 33, 1218. 

Submarine cables for long-distance telephone circuits. (р) 46, 414. 

Telephones. (р) 4, 421. . 

BENNETT, F. F. Railway electrification problem and its probable cost for 
England and Wales. (P) 33, 507. 

Bennis, A. W. Steam-power plants. (D) 34, 386. 

BENTLEY, A. K. Electric traction vagabond currents. (D) 43, 479. 

Benton, L. C. Electricity meters and meter testing. (p) 47, 105. 

BENTON, W.J. ''G.B." surface-contact system. (p) 42, 506. 

Berlin-Zossen Railway ; A.E.G. high-speed car for. О. LascHE. (P) 31, 24. 

Bermondsey dust destructor works. W. P. Арлмв. (P) 34,290. 

BERRINGTON, T. D. Appointed Local Honorary Secretary for India. 34, 1337. 

Berry, A. F. Effect of heat on dielectrics. (р) 38, 704. 

Berry, E. L. Earthing. (р) 38, 138. 

BERTIN, P. Electricity meters and meter testing. (р) 47, 86. 

Bevis, H. Management of workshops. (p) 41,758. 

Switchgear and relays. (D) 41, 627. 

BEYER, M. B. Boosters. (p) 38,620. 

Bibliography of photometry of electric lamps. J. A. FLEMING. (Р) 32, 165. 

BIDWELL, S. Obituary notice. #8, 769. 

BIEDERMANN, E. А. Award of David Hughes Scholarship. 35, 549. 

— ——- Award of premium. 88,551. 

BIEDERMANN, E. A., and Sparks, J. B. E.M.F. wave-forms, (р) 35, 493. 

BiaGE, D. L. SELBY-. See SELBY-BricGE, D. L. 

BiGLAND, Н. Н. Electricity in shipyards. (р) 38, 860. 
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BIGLAND, Н. H. (continued). Starting resistances. (р) 31, 1231. 

BINSWANGER-ByNnG, G. Obituary notice. 47, 862. 

Birds killed in flight by lightning. L.JosEePH. (Р) 31, 672. 

Birmingham Tame and Rea District Drainage Board electrical undertaking. 
L. Е. Mountrort. (р) 47, 200. 

ByornstaD, J. City and South London Railway, three-wire system. (р) 33, 
164. 

Brack, G. L. Domestic electricity supply. (D) 42,78. 

Economical vacuum in electric power stations. (p) 44, 688. 

Underground mains. (Ref) 81,448. 

Brack, J. W. Earthing. (р) 358, 140. 

Modern electric time service. (р) 48, 95. 

BLACKALL, A. T. Automatic cab-signalling on locomotives. (р) 40, 85. 

BrLaAcKBURN, G. R. Dangers from trolley wires. (р) 31, 91. 

“ G.B.” surface-contact system. (р) 42, 500. 

— —— Overhead equipment of tramways. (р) 37, 210. 

BuackLEy, S. Resonance in electric circuits. (р) 32, 699. 

BrLACKMAN, А. S. Waste incandescent in lighting. (p) 37,67. 

BLACKMORE, D. R. Electrical driving of textile factories. (р) 40, 176. 

Brand, A.V. Power companies’ testing departments, (р) 47, 766. 

Biatuy, О. T. Comparison of 1-, 2-, and 8-phase systems. (p) 31, 163. 

Віџвветт, P. T. Running of a private lighting and power plant. (Ref) 
88, 587. 

Block signalling on railways. А. HaMiLTON. (P) 41, 798. 

signalling, railway. J. Prea. (P) 32,601. 

Blocks, railway. А. T. Kinsey. (Ref) 81,1870. 

BLOEMENDAL, A. Electric winding in collieries. (p) 36, 541. 

Overhead transmission. (p) 34, 536. 

BrLouwT, B. Electric furnaces. (Ref) 381, 1870. 

Віутнвжоор, Lord. Obituary notice. 41, 868. 

Board of Trade Regulations (1908) for medium pressures. 39, 253. 

Report of Deputation. 31, 1323. 

BoHLE, Н. Alternators in parallel. (Ref) 338, 1219. 

Magnetic reluctance of joints in transformer iron. (Р) 41,527. 

Modern transformer design. (P) 38, 590. 

Boilers, feed-water for. С. Ј. WELLS. (Ref) 31, 1870. 

steam-. C. E. SrTRoMEYER. (Ref) 31, 1870. 

Bolometers, as detectors of electric waves. С. Tresor. (P) 36, 468. 

Botton, А. S. Obituary notice. 31, 1365. 

BorroN, F. Obituary notice. 32, 1148. 

Вонр, W. G. Equitable charges for tramway supply. (р) 44, 610. 

Booster developments. А. H. KELsALL. (Ref) 87, 448. 

Boosters. L. BRoEkMaw. (Ref) 87, 443. 

—— and balancers. See also under Generators (Balancers and Boosters). 

—— batteries with reversible. С. TURNBULL. (Ref) 88,588. 

continuous-current. W.A. Ker. (Р) 44, 486. 

reversible. C. TURNBULL. (P) 36, 591. 

Boosting, automatic. М. J. E. Tinney. (P) 36, 605. 

Воот, Н. L. P. Bow Works of the Charing Cross Electricity Company. (р) 
86, 134. 

Dust destructors. (p) 34, 318. 

Motor load development. (р) 38, 280. 
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Boot, Н. L. P. (continued). Profitable sale of electricity. (p) 34, 498. 

Steam power plants. (p) 34, 363. 

Street lighting by modern electric lamps. (p) 46,60. 

Waste in incandescent lighting. (p) 37,77. 

BoorH, A. C. Telephone relay. (р) 45, 609. 

Воотн, H. C., and Мегвом, S. W. Heating of cables with current. (P) 
4T, 711. 

BoorH, W. Н. Bow Works of the Charing Cross Electricity Company. (р) 

86, 111. 

—-—-— Cost of electrical power. (p) 40, 343. 

— —— City and South London Railway, three-wire system. (р) 33, 174. 

———— Electric braking on the Glasgow tramway system. (D) 48, 424. 

——— Gas engines for electric power. (р) 43, 67. 

——-— ОП engines. (р) 43, 606. 

Power station design. (р) 33, 766. 

Воотн, W. H., and KEnRsHAw, J. B. C. Fuel economy in steam power 
plants. (P) 34, 329. 

BoRNAND, V. Boosters. (р) 36, 617. 

Motor-starting switches. (р) 32, 1100. 

Surface-contact systems in Paris. (р) 31, 880. 

Borns, Dr. H. Production of nitric acid by the electric discharge. (p) 
42, 342, 358. 

Вовснлм, A. von. Appointed Local Honorary Secretary for Austris- 
Hungary. 32, 1125. 

BorroMLEy, J. T. Commutation. (p) 38, 185. 

Earthing. (p) 38, 142. 

BoucHER, J. W. Electricity supply as affected by metal filament lamps. 
(n 41, 379. 

BoucnHEnoT, P. Speaking at Annual Dinner, 1908. 42, 228. 

Bourron, P. R. Extending the limits of power transmission. (р) 48, 
440. 

Bow Works of the Charing Cross, West End, and City Electricity Supply 
Company. W. H. PATCHELL. (P) 36, 66. 

Вожрех, J. Н. Central station economics. (р) 39, 392. 

Cost of electrical power (р) 40, 353. 

Depreciation. (р) 39, 294. 

Domestic electricity supply. (p) 42, 60. 

————- Electricity supply as affected by metal filament lamps. (р) 41,850. 

Motor converters. (p) 43, 414. 

— Refuse destructors. (р) 43, 675. 

Rotary converters and motor-generators. (p) 38, 443. 

Bowen, H. V. Electrical design. (p) 32, 460. 

Bowman, F. H. Electrical driving of textile factories. (р) 40, 174. 

Gas engines for electric power. (p) 43, 91. 

—— Magnetic leakage. (p) 38, 586. 

———— Methods and practice in the German electrical industry. (р) 44, 328. 

Power gas. (Ref) 38,587. 

Bowman, J. Automatic cab-signalling on locomotives. (р) 40, 93. 

Reilway signalling. (p) 42,150. 

Boye, R. V. Obituary notice. 41, 868. 

Brakes, eddy-current. D. K. Morris and G. A. LISTER. (P) 35, 445. . 

Braking, electric, on Glasgow tramway system. A. GERRARD. (р) 45, 39. 
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BRAMWELL, Sir F. Metrical system of weights and measures. (р) 32, 
284, 297. 

Braun, R. Winding machinery. (p) 36, 545. 

BraysHaw, S. N. Magnetic properties of carbon-tungsten steels. (р) 48, 678. 

Brazit, Н. Earthed versus insulated neutrals in colliery installations. (р) 
48, 577. 

Electrical system of the L.C.C. tramways. (p) 43, 329. 

Extra-high-pressure transmission lines. (D) 46, 617. 

—— — Hydro-electric installations of Sweden. (р) 45, 470. 

Protective devices for high-tension transmission circuits. (p) 40, 526. 

Breakdowns of electrical machinery. L. Foster. (Ref) 39, 793. 

Breaking of shafts in  direct-coupled units from oscillations at critical 
speeds. J. FRITH and E. H. Lams. (P) 31, 646. 

of trolley wires. P. S. SHEARDOWN. (P) 38, 603. 

Breaks in submarine cables, localisation of. W. H. Younc. (р) 48, 696. 

BREARLEY, H. Magnetic properties of carbon-tungsten steels. (р) 42, 675. 

BREMNER, A. Refuse destructors. (D) 43,681. 

Brew, W. Alternate-current instruments. (p) 41,274. 

Award of premium. 33, 1184. 

— —— Commutation in а four-pole rotor. (p) 38, 441. 

Depreciation. (p) 39, 296. 

—— —— Eddy-current brakes. (р) 38, 470. 

Electric lighting and driving of textile mills. (р) 31, 1281. 

—— —— Electrical system of the L.C.C. tramways. (p) 43, 348. 

Inductive circuits. (Ref) 31, 1370. 

Three-phase working with special reference to the Dublin system. 
(Р) 33, 570. 

Brinar, №. С. German standards and regulations for electrical machinery. 
(P) 43, 525. 

Brivces, Н. Laying and maintenance of transmission cables. (р) 47, 361. 

BnRiGGs, J. A. Obituary notice. 33, 1211. 

Bricut, C. Improvement of efficiency in radiotelegraphy. (р) 44, 400. 

Submarine cables for long-distance telephone circuits. (p) 46, 415. 

Bristol Docks pumping plant. W. А. CLATWORTHY. (P) 42, 630. 

Bristow, E. J. Obituary notice. 43, 822. 

Bristow, G. L. Obituary notice. 31, 1366. 

British and foreign central station switchgear. H. W. CLoTHIER. (P) 
31, 1247. 

British Electrotechnical Committee. 41,822; 43, 788; 45, 733; 47, 828. 

BnrrTLE, J. R. Obituary notice. 39, 787. 

BRrrroN, S. E. Motors on hire or hire-purchase systems. (Ref) 68, 1218. 

BroaDBENT, F. Comparison of alternating and continuous currents. (D) 
81, 167. 

Dust destructors. (р) 34, 314. 

Вволрвехт, Т. W. Electricity supply in small towns and villages. (D) 
32, 1032. 

ВАОЕКМАХ, L. Storage batteries and boosters. (Ref) 87, 448. 

Ввоок, A. B. Electricity supply in small towns and villages. (р) 32, 1089. 

Brooxinc, J. H. C.  Cheapened methods of electrical distribution. (Ref) 
89, 793. 

Electrical power in warehouses and docks. (p) 44,34. 

—— —— Testing of rubber for electrical work. (р) 44, 741. 
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Brooxs, D.G. Earthing. (p) 88, 145. 
Brooks, R. С. V. Testing of alternators. (р) 42,219. 
Ввосан, В. Н. Metrical system of weights and measures. (р) 32,308. 
Broucuton, H. Н. "Testing of electric machinery. (р) 38, 83. 
Brown, A. C. Automatic cab-signalling on locomotives. (p) 40, 83. 
Modern electric time service. (p) 48, 85. 
Brown, C. 8. V. Earthed versus insulated neutrals in colliery installations. 
(р) 45, 584. 
Electric winding in collieries. (р) 36, 556. 
Electrical power supply оп the N.E. Coast. (Ref) 31, 1371. 
Laying and maintenance of transmission cables. (p) 47, 349. 
Power house equipment. (р) 32, 866. 
Brown, E. EucENE-. See Eugene-Brown, E. 
Brown, F. Motor-starting switches. (p) 32, 1100. 
Brown, H. G. Track circuit as installed on steam railways. (P) 38, 107. 
Brown, J. F. Distributing mains. (р) 31, 864. 
Electrical system of the L.C.C. tramways. (р) 45, 338. 
Brown, J. W. City and South London Railway three-wire system. (D) 
39, 182. 
Brown, S. G. Automatic relay translation for long submarine cables. 
(P) 81,1060. 
Awards of Fahie Premium. 31, 1333; 46, 731. 
Telephone relay. (Р) 46590. 
Brown, W. Inaugural Address as Chairman of the Dublin Local Section 
4, 119. 
Brown, W., ВАВВЕтт, W. F., and HADFIELD, R. A. Electrical conductivity 
and magnetic properties of iron alloys. (P) 31,674. 
Brown-McKenzie system of railway signalling. A. HAMILTON. (Р) 41, 798. 
Browne, Н. M. Award of David Hughes Scholarship. 43, 785. 
Browne, R. F. Overhead equipment of tramways. (р) 37, 194. 
Brownina, W. Award of premiums. 37, 388; 39, 750. 
Notes on electrical conductivity. (Р) 87, 372. 
Further notes on electrical conductivity. (р) 39, 678. 
Brühl, P. Insulation of conductors in India. (р) 31, 383. 
Preservation and packing of plant for and in Bengal. (р) 32, 1039. 
Brush discharge, losses off transmission lines due to. E. A. WATSON 
(P) 48, 5. 
Bryson, W. A. Obituary notice. 39, 787. 
Buss, H. J. Uses of aluminium. (р) 31, 414. 
Bucx, E. C. Railway signalling. (D) 42, 145. 
BUCEKELL, L. E. Electricity in shipyards. (р) 33, 859. 
Motor-starting switches. (D) 32, 1099. 
BUCKMASTER, C. A. Transatlantic engineering schools. (D) 33, 440. 
Building Acts Amendment Bill, petition against. 35, 554. 
Fund, appeal for, by the President. 34, 1087. 
Fund, 31, 1337; 32, 1124; 33, 1187; 38, 558; 37, 392; 39, 759; M, 
826; 48, 789; 48, 736; 47, 833. 
Institution. 43, 787 ; 48, 733; 47, 827. 
Institution, purchase of. 41, 851; 43, 787, 812, 819. 
site (Tothill Street). 38, 1187. 
BuzsipGE, А. H. Equitable charges for tramway supply. (p) 44, 642. 
——— Street lighting. (D) 34, 7438. 
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Burer, Н. Award of premium. 48, 785. 

Driving of winding engines by induction motors. (р) 47, 689. 

Standard performances of electrical machinery. (p) 40, 492. 

Вовсе, H., and MACFARLANE, J. C. Output and economy limits of dynamo- 
electric machinery. (P) 49, 282. 

Burn, R. Automatic cab-signalling on locomotives. (р) 40, 87. 

Lifts and hoists. (p) 37, 261. 

BURNAND, W. E. Magnetic testing of iron. (D) 40, 154. 

Burne, О. Dip of copper wire in overhead construction. (P) 31, 420. 

Insulation of conductors in India. (р) 31, 384. 

Burnet, C. D. Distributing mains. (р) 31, 854. 

Burrows, G. B. Laying and maintenance of transmission cables. (p) 47, 
859. 

BURSTALL, Е. W. Power transmission by gas. (Ref) 82, 1160. 

BunsrALL, W. Н. Testing generators by air calorimetry. (р) 38, 58. 

BUTCHER, J. Static sub-station design. (р) 46, 484. 

BUTTERWORTH, S. Conductance capacities of electrolytes. (P) 44, 468. 

Вуха, G. B. See BINSWANGER-BynG, G. 


C. 


Cable sheaths, currents induced in, and losses occasioned thereby. М. B. 
FIELD. (Р) 33, 936. 

systems. S.J. Watson. (Ref) 87, 444. 

Cables, air-core, treatment and use of. G. E. FLETCHER. (Ref) 31,1370. 

dry-core telephone. F. G. C. BALDWIN. (р) 43, 638. 

for continuous current. J.C. Warp. (P) 31,838. 

for telegraphs and telephones. F. TREMAIN. (P) 41,718. 

—— —— grading of. A. RussELL. (P) 40, 6. 

—— — heating of, with current S. W. MELsoM and Н. C. Воотн. (р) 

47, 711. 


— selection of electric. L. В. Atkinson and C. J. Beaver. (Ref) 
35, 588. 
submarine, automatic relay translation for. S. G. Brown. (р) 81, 
1060. 
— submarine, for long-distance telephone circuits. W. A. J. O’Mzara. 
(Р) 46, 309. 


submarine, localisation of breaks in. W. H. Youna. (р) 48, 696. 
telephone, design of dry-core lead-covered. Н. С. Max. (р) 


AT, 788. 
transmission, laying and maintenance of. C. VERNIER. (P) 47,8318. 


Слнем, A. A. Obituary notice. 88, 769. 

Слгревмоор, W. T. Street lighting. (р) 34, 750. 
CALDWELL, J. Domestic electricity supply. (p) 42, 71. 
CaLisCcH, L. Alternating-currentseries motors. (р) 38, 95. 
Incandescent lamps. (р) 38, 263. 

CALLENDAB, Т. О. Elected Member of Council. 32, 1145. 
Calorimetry, air, testing electric generators by. Б. THRELFALL. (P) 33, 28. 
CAMPBELL, A. , Award of premium. 48, 781. 

Dielectric strength of compressed air. (p) 43, 139. 
Dielectric strength of nsulating materials. (p) 40, 39. 
—— — Direct-reading measuring instruments. (р) 38, 658. 
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CAMPBELL, A. (continued). Elected Member of Council. 88, 578. 

— Hot-wire wattmeters and oscillographs. (p) 39, 648. 

Iron alloys for transformer plates. (р) 31,724. 

— —— Life tests of lamps. (p) 38, 368. 

Magnetic testing. (Р) 34,112; (p) 114. 

——— — Magnetic testing of iron with alternating-current. (P) 48, 553. 

Metrical system of weights and measures. (р) 32, 321. 

Photometry of electric lamps. (р) 32,207. 

Shunt resistances and temperature compensation for smmeters. 
(P) 38, 197. 

Submarine cables for long-distance telephone circuite. (р) 46, 383. 

Telephonic transmission measurements. (p) 989, 533. 

Testing of cast-iron and other materials by the Ewing permeability 
bridge. (P) 36, 220. 

Testing of electric machinery. (р) 38, 79. 

Testing of water-resistance. (p) 33, 770. 

CAMPBELL, H. Gas engines for central stations. (Ref) 38, 587. 

Suction gas engines and gas plants. (Ref) 89, 798. ; 

Campion, R. Н. Metallic filament lamps. (р) 44, 519. 

Waste in incandescent lighting. (р) 37, 66. 

Campion, W. H. German wiring rules. (p) 41, 191. 

Canals, electrical haulage on. E. W. MancHaNT. (Ref) 32, 1161. 

Candle-power, mean horizontal and mean spherical. A. RussELu. (P) 32,631. 

Cape explosive works. R. S. MaNsEL. (Р) 38, 599. 

Capital cost, reduction of. M. WALKER. (P) 42,95. 

Car, electric, equipments, and their maintenance. A. W. WiGRAM. (P) $1,668. 

, electric, for high-apeed railways. O. LascHE. (Р) 34, 24. 

Carbon lamp tests. Н. F. HAwoRrH, Т. H. MATTHEWMAN, and D. H. Осгт. 

(Р) 38, 350. 

Carbon-tungsten steels, magnetic properties of. Т. SWINDEN. (Р) 42, 641. 

CaRDEW, P. Purchase of the Medical Examination Hall. 41, 861. 

Switching arrangements for high-tension circuits. (р) 82, 735. 

Obituary notice.' 45, 769. 

Carey, R. F. Richmond-Carey electric lift (Demonstration). 32, 1016. 

CanHaRT, Н. S. Comparison of 1-, 2-, and 3-phase systems. (р) 31, 160. 

High-speed railway car of the A. E.G. (р) 31, 73. 

Units. (р) 34, 213, 221. 

CaRHART, H. S., and Patrerson, G. W. Absolute value of the E.M.F. of 

the Clark and the Weston cells. (P) 34, 185. 

CanxEGIE, Н. Award of Salomons Scholarship. 41, 819. 

Carr, L. Н. A. Award of premiums. 41, 820; 48, 786. 

Electricity and matter. (р) 41, 779. 

Elimination of sparking. (Р) 48, 712. 

Carriage of goods on electric tramways. А. Н. GiBBINGs. (P) 32,1057. 

Carriages, railway, lighting by electricity. J. H. Dowrıxc. (Ref) 32, 1160. 

CARTER, E. T. Obituary notice. 32, 1148. 

CARTER, Е. W. Magnetic-flux distribution in toothed-core armatures. (0) 
84, 47. 

Notes on heat runs. (P) 32,1104. 

— Technical considerations in electric railway engineeiing. (P) 36, 231. 

CARTEB, T. Losses in pole-shoes. (р) 40, 596. 

Magnetic induction in armatures. (p) 37,188. 
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E.M.F. wave-forms. E. A. BIEDERMANN and J. B. SPARKS. (Р) 398,493. 
EARLE, Н. A. Carriage of goods on electric tramways. (р) 32, 1085. 
Flywheel storage systems. (р) 39, 431. 
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Esson, W. B. Comparison of 1-, 2-, and 3-phase systems. (p) 34, 161. 

Condensers. (p) 48, 630. 

Continuous-current dynamos. (р) 31, 288. 

—— Cost of electrical power. (р) 40, 362. 

Domestic electricity supply. (p) 42, 65. 

Expenditure on the Institution Building. 46, 767, 768. 

Extra-high-pressure transmission lines. (p) 46, 599. 

Oil engines. (р) 48, 595. 

Permeameter for testing in bulk. (p) 34, 809. 

Protective devices for high-tension transmission circuits. (р) 4%, 519. 

Purchase of the Medical Examination Hall. 41, 862. 


I 


ESS—EXP 41 
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Motive-power supply from central stations. (р) 32, 626. 
Motor load development. (р) 38,279. 
.————— Street lighting by modern electric lamps. (p) 46, 63. 
Waste in incandescent lighting. (p) 37,76. 
Feed-water for boilers. C.J. WELLS. (Ref) 31,1370. 
eed-water. See under Power Stations (Fuel, Boilers, and Feed-water). 
Feeders, calculation of. W.G. Кнореѕ. (Ref) 37, 444. 
FELL, A. L. C. Electricity supply in small towns and villages. 32, 1033. 
FENNELL, W. Boosters. (p) 36, 619. 
— —— Motor load development. (p) 88, 262. 
Present aspects of electric lighting. (p) 44, 95. 
Fenton, Councillor. Equitable charges for tramway supply. (p) 44, 616. 
FgRGUSON,J. Electric braking on the Glasgow tramway system. (p) 45, 429. 
FERGUSON, T. Control of electric winding and hoisting engines. (Dp) 46, 
457. 
FERRANTI, S. Z. DE. Earthed versus insulated neutrals in colliery installa- 
tions. (p) 48,579. 
Elected Member of Council. 32, 1145. 
-—-—— Elected President, 1910-11. 45, 764. 
—— —— Re-elected President, 1911-12. 47, 800. 
— —— Electrical system of the L.C.C. tramways. (p) 43, 300. 
—— High-speed electric railways.. (p) 33, 921. 
—— —— Inaugural address as President. 46, 6. 
Speaking at Annual Dinner, 1911. 46, 500. 
FriNCH, B. T. Obituary notice. 47, 863. 
FrELD, A. B. Award of premium. 38, 551. 
Dissymmetry of three-phase systems. (v) 88,207. 
Fietp, M. B. Award of premiums. 32, 1121; 33, 1183. 
—.- Cable joints. (р) 81,863. 
-——- Comparison of 1-, 2-, and 3-phase systems for feeding low-tension 
networks. (P) 31,138. 
— — Compensated alternate-current generators. (р) 34, 433. 
———— Dangers from trolley wires. (0) 31,90. 
—-— Design of continuous-current dynamos. (D) 82, 484. 
— Dielectric hysteresis, (р) 32, 751. 
-——— Eddy-current brakes. (р) 35, 470. 
— —- Eddy currents. (P) 33, 1125. 
—— Electric shock. (р) 31, 797. 
—— Electricity supply in small towns and villages. (р) 32, 1081. 
— —— Experiments on eddy currents. (р) 88, 564. 
— Flywheel storage systems. (р) 39, 132. 
—— ——- Idle currents. (Р) 37, 83. 


Induction motors. (р) 39, 668. 
Oscillations in alternators. (р) 39, 221. 
Potential of partially insulated systems in relation to the potential 
of earth. (P) 41, 200. 
Proteetive devices for high-tension transmission circuits. (p) 40, 540. 
-———— Resonance in electric circuits, studied by aid of oscillograms. (Р) 
32, 647. 
--- — Rotary converters and motor-generators. (D) 38, 446. 
-——-— Short-circuiting of large electric generators. (p) 48, 371. 


44 FIE—FOR 


FIELD, M. B. (continued). Testing of tramway motors, and investigation 
into their characteristic properties. (р) 31, 1283. 
Theoretical consideration of the currents induced in cable sheaths 
and the losses occasioned thereby. (P) 33,986. 
Field magnets, turbo, for alternate-current generators. М. WALKER. (Р) 
45, 319. 
of polyphase induction motors, irregularities in. C. F. Swrrg. (ri 
46, 132. 
of three-phase generators, variations in. G. W. WoRRALL and Т. Е. 
WALL. (P) 37,148. 
Filament lamps. See under Lamps and Lighting (Filament Lamps). 
Finance, electrical. Н. W. Hanpcocr. (Ref) 31, 1871. 
FirtH, W. W. Measurement of relative angular displacement in synchronous 
machines. (P) 46, 728. 
FisHER, Е. Award of David Hughes Scholarship. 31, 1335. 
Award of premium. 32, 1122. 
FisHER, H. J. Electrical safety system for use in mines. (P) 44, 661. 
Fittings, electric light. H. Watson. (Ref) 38, 587. 
FrrZPAYNE, F. A. Equitable charges for tramway supply. (р) 44, 645. 
Flame arc lamps. L. ANDREWS. (р) 87,4 
FLEMING, A. P. M. Award of premium. 47, 826. 
Extra-high-pressure transmission lines. (p) 46, 649. 
Testing of electric machinery. (p) 38, 93. 
Transmission of electrical energy at high tensions on overhead lines. 
(р) 44, 461. 
FLEMING, А. P. M, and FAvE-HaNsEN, К. M. Transformers. (р) 42, 373. 
FLEMING, А. P. M., and Јонмвом, R. Chemical action in windings of high 
voltage machines. (р) 47, 530. 
FLEMING, J. A. Award of premium. 32, 1121. 
Dielectric strength of insulating materials. (p) 4, 33. 
——— Edison accumulators. (p) 38, 221. 
———— Elected Vice-President. 82, 1145. 
Incandescent lamps. (p) 88, 238. 
Lamp standards. (p) 88,808 
—-—-— Photometry of electric lamps. (р) 82, 119. 
——— Quantitative measurements in connection with radiotelegraphy. (Р) 
44, 344. 
— —-- Submarine cables for long-distance telephone circuits. (р) 46, 356. 
--——— Transatlantic engineering schools. (р) 38, 442. 
.-- — Wireless telegraphy measurements. (р) 38, 358 
FLETCHER, G. E. Treatment and use of air-core cables. (Ref) 31, 1370. 
FLETCHER, J. W. Obituary notice. 48, 770. 
Flexibles. А. SCHWARTZ. (P) 39,31. 
Flicker photometer, use of, for differently coloured lights. H. Monnis-AinEY. 
(Р) 44, 177. 
Flue-gases, temperature of, use of potentiometer in measuring. W. 4. 
Prick. (Ref) 32,1101. 
Flux, distribution of, in large electromagnets. W. M. THorRnton. (Ref) 
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Forp, A.C. Obituary notice. 38, 579. 
Foreign and British central station switchgear. H. W. CLOTHIER. (Р) 31, 
1247. 

Formula for regular armature windings. D. RoBERTSON. (P) 81,938. 

Forrest, F. Artificial load for testing. (р) 41, 156. 

Electrical system of the L.C.C. tramways. (р) 43, 337. 

Extending the limits of power transmission. (p) 48, 439. 

Forster, А. L. Commutation in а four-pole motor. (р) 35, 441. 

Electrical undertaking of the Birmingham Tame and Rea District 
Drainage Board. (D) 47, 282. 

Heat conductivity of iron stampings. (р) 40, 622. 

Metallic filament lamps. (р) 44, 200. 

Present aspect of electric lighting. (p) 44, 92. 

—— —— Recent improvements in electric lighting. (p) 39, 360. 

Standardisation of fuses. (p) 48, 644. 

Testing generators by air calorimetry. (p) 33, 59. 

Foster, A. LE N. Obituary notice. 38, 1211. | 

Foster, J. Extra-high-pressure transmission lines. (р) 46, 651. 

Foster, L. Breakdowns of electrical machinery. (Ref) 39, 798. 

Foster, L. W. Earthing. (p) 38, 140. 

Four-pole motor, commutation in. J. К. CATrTERSON-SMITH. (Р) 35, 480. 

Fourniss, C. W. Overhead equipment of tramways. (p) 37,198. 

Fox, E. J. City and South London Railway, three-wire system. (р) 33, 185. 

Extra-high-pressure transmission lines. (р) 46, 609. 

—— —— Gas engines for electric power. (р) 48, 45. 

——— High-speed electrical machinery. (р) 44, 309. 

Parsons steam turbine. (р) 33, 820. 

Turbo-generators. (р) 40, 253. 

Fox, Н. Electrical equipment of engine works. (р) 88, 1015. 

Forster, А. Н. Reports on visit to Germany, 1901. (р) 81,563. 

FRANELIN, BENJAMIN. Presentation of bust of, by the American Institute of 
Electrical Engineers. 41,898. 

Bi-centenary celebration. 87, 390. 

FRANKLIN, G. Speaking at Annual Dinner, 1908. 42, 226. 

FRIDAY, A. Domestic electricity supply. (р) 42,73. 

FRIEDLAENDER, P. R. Output of dynamo-electric machinery. (p) 42, 288. 

Frrr, J. Award of premium. 31, 1384. 

Balancers for three-wire systems. (D) 46, 128. 

Control of electric winding and hoisting engines. (D) 46, 456. 

——— Determination of losses in motors. (р) 39, 478. 

———. Electric heating as applied to cooking apparatus. (p) 47, 269. 

—— Electric ignition of internal combustion engines. (p) 44, 153. 

—— Electric traction vagabond currents. (р) 48, 477. 

— —— Flywheel storage systems. (D) 39, 431. 

—— —— German electrical industry. (р) 44, 324. 

——— Idle currents. (р) 37,116. 

——— Irregularities in the rotating field of the polyphase induction motor. 

(р) 46, 164. 
——— Labour-saving formule in the design of direct-current dynamos, 
especially with regard to high speeds. (Ref) 38,588. 
— —— Magnetic leakage. (р) 88,584. 
— — Magnetic oscillations in alternators. (p) 40, 428. 
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FritH, J. (continued). Power factor in alternating-current systems. (р) 
42, 618. | 

Present aspect of electric lighting. (p) 44, 795. 

Selection of turbo-alternators. (p) 42,183. 

Street lighting by modern electric lamps. (р) 46, 73. 

FRITH, J., and Lams, E. Н. Breaking of shafts in direct-coupled units from 
oscillations at critical speeds. (р) 81, 646. 

Fuel. See under Power Stations (Fuel, Boilers, etc.). 

Fuel economy. H. B. MaxwrLL. (Ref) 39, 792. 

economy in steam-power plants. W. H. Воотн and J. B. C. Ker- 
SHAW. (P) 34,329. 

Furnace gases, temperature of, use of potentiometer in measuring. W. A. 
Price. (Ref) 32,1161. 

Furnaces, electric. B. BLOUNT. (Ref) 34, 1870. 

electric, experimental and technical. R. S. Ноттох and J. E. 
PETAVEL. (P) 82, 222. 

Fuse phenomena. А. ScuHwaRTZ and W. Н. N. James. (Р) 41, 40. 

Fuses, low-tension thermal. A. ScHwaAnRTZ and W. H. N. James. (Р) 35,964. 

single and stranded low-tension. W. T. MaccarLL. (P) 44,162. 

standardisation of. H. W. KErronp. (р) 48, 620. 

FuTrERs, T. C. Electric winding in collieries. (р) 86, 521. 

Fyny, V. A. Award of premium. 37, 387. 

Bow works of the Charing Cross Electricity Company. (р) 36, 129. 

Electrical design. (р) 32, 455. 

Protective devices for high-tension transmission circuits. (р) 40,530 

Single-phase commutator motors. (р) 36, 324. 

Single-phase motors. (р) · 32, 627. 

Standard performances of electrical machinery. (p) 40, 485. 

Testing electric machinery. (р) 38, 78. 

Torque conditions in alternate-current motors. (P) 40, 181. 

Turbo-generators. (p) 40, 265. : 
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“ G.B.” surface contact system. S. CLEGG. (р) 42, 473. 

GaDpsBY, C. H. Driving of winding engines by induction motors. (р) 4T 636. 

GaInE, W. E. L. Obituary notice. 39, 788. 

GaLL, J. R. Extra-high-pressure transmission lines. (pi 46, 631. 

Galvanometer, moving-coil ballistic. W. G. SwrrH and M. DoxEcaw. (Ref) 
32, 1160. 

GARCKE, E. German electrical industry. (р) 44, 300. 

GARDINER, А. Railway signalling. (P) 42, 125. 

GARRARD, C. С. Alternate-current instruments. (р) 41, 270. 

Dielectric strength of insulating materials. (p) 40, 48. 

———— Direct-reading measuring instruments. (p) 33, 684 

— Electrolytic corrosion. (р) 41, 486. 

Fuse phenomena. (р) 41, 92. 

— High-tension switchgear. (р) 34, 460. 

Idle currents. (р) 37, 117. 

Influence of cooling media upon the rise in temperature of soft-iron 
stampings. (p) 44, 790. 

Magnetic leakage. (p) 38, 585. 

Magnetic oscillations in alternators. (p) 40, 429. 
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GARRARD, C. C. (continued). Management of workshops. (р) 41, 755. 
Merz-Price protective gear for alternating-current circuits. (р) 46, 718. 
Switches for high-tension currents. (р) 31, 1267. 
Switchgear control apparatus and relays. (Р) 41, 588. 
— ——- Thermal cut-outs. (p) 38, 418. . \ 
Transformers.. (р). 42, 403. 
Garton, E. Electricity moters and meter testing. (р) 47, 58. 
Gas engines for central stations. H. CAMPBELL. (Ref) 38, 587. 
engines for driving electric generators. A. R. BELLAMY. (Ref) 81, 
1870. . - 
engines for electric driving. J. ATKINSON. (Ref) 37, 444. 
engines for electric lighting Н. B. GRamam. (Ref) 32, 1160. 
engines for electric power. L. ANDREWs and R. PORTER. (P) 48, 3. 
engines, suction. H. CAMPBELL. (Ref) 39, 793. 
power. F.H. Bowman. (Ref) 38, 587. 
power. J. E. Dowson. (р) 33, 342. 
— —— power transmission. F. W. BuRsTALL. (Ref) 32, 1160. 
producer plant. W.J.U.Sowrer. (Ref) 37, 443. 
Gases, temperature of, use of potentiometer in measuring. W. A. PRICF. 
(Ref) 32, 1161. 
Gaskins, T. W. Telegraph and telephone cables. (D) 41, 736. 
GASTER, L. Arc lamps. (р) 37, 30. 
Electrical driving in works. (p) 32, 997. 
— — Electricity supply as affected by metal filament lamps. (р) 41, 363. 
Incandescent lamps., (D) 38, 255. 
—— Lamp standards. (р) 88, 336. 
— —— Life tests of lamps. (р) 38, 369. 
—— —— Liquid fuel. (р) 34, 376. 
Metal filament lamps. (р) 41, 670. 
Motor load development. (р) 35, 278. 
Overhead transmission. (D) 34, 540. 
Parsons steam turbine. (p) 33, 827. 
—— Photometry of electric lamps. (р) 32, 195. 
Purchase of the Medical Examination Hall. 41, 869. 
Street lighting by modern electric lamps. (D) 46, 55. 
Gavey, Sir J. Automatic relay translation. (D) 81, 1078. 
Divided multiple telephone switchboards. (p) 32, 828. 
Elected Member of Council. 33, 1209. 
——— Elected President, 1905-6. 38, 577. 
German and British telephone practice. (р) 31, 556. 
Inaugural address as President. 36, 4. 
Manufacture of electrical condensers. (р) 41, 564. 
Overhead transmission. (р) 34, 532. 
——— Setting type by telegraph. (р) 34, 597. 
——— Speaking at Annual Dinner, 1909. 44, 278. 
Submarine cables for long-distance telephone circuits. (D) 46 358. 
——— Telephone traffic. (p) 38, 302. 
——— Telephonie transmission measurements. (р) 39, 540. 
— —- Use of aluminium wires. (р) 31, 384. 
— — Use of wooden poles for overhead power transmission. (р) 39, 348. 
— —— Wireless telegraphy measurements. (p) 38, 352. 
GawrHoRP, C. A. Obituary notice, 38, 580. 
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GEE, W. W. Н. Award of premium. 41, 820. 
Electric traction vagabond currents. (p) 48, 473. 
Electrolytic corrosion. (P) 41, 425. 
Flexibles. (р) 39, 115. 
— Production of nitric acid by the electric discharge. (р) 42, 317. 
Reports on visit to Germany, 1901. (р) 81, 563. | 
GEIPEL, W. Comparison of 1-, 2-, and 3-phase systems. (p) 81, 166. 
Electric railway problems. (p) 81, 1087. 
-—— —— Power station design. (р) 38, 759. 
Generating stations, electrical, of the future, A. W. WHIELDON. (Ref) 32, 
1160. 
— ——— stations, equipment of. R. F. CHAFFER. (P) 38,537. 
——— stations, gas producer plant for. W.J. U. SowrER. (Ref) 81,443. 
——— stations, steam turbine. R.J. Kaura. (Р) 39, 729. 
stations. See also under Power Stations. 
Generation of high-voltage electricity by exhaust steam. М. MACLEAN. 
(Ref) 32, 1160. 


GENERATORS. General. 
Breaking of shafts in direct-coupled units. J. Евгтн and E. Н. Lam. 
81, 646. 
Distribution of flux in large electromagnets. W. M. Тновмтох. (Ref) 
31, 1371. 


Idle currents. М. B. Егегр. 37, 83. 

Motor-generators versus rotary converters. M. WALKER. 38, 428. 

Breakdowns of electrical machinery. L. Foster. (Ref) 39, 793. 

Improvement of power factor in alternating-current systems. M. 
WALKER. 42, 599. 

Influence of various cooling media upon the rise in temperature of soft- 
iron stampings. R. D. GIFFORD. 44, 758. 

Chemical action in the windings of high-voltage machines. A. P. M. 
FLEMING and R. JOHNSON. 47, 530. 


Alternators. 
Some properties of alternators under various conditions of load. А. Е. Т. 
ATCHISON. 38, 1062. 
Armature reaction in alternators. H. W. TAYLOR. 33,1144. 
Alternators in parallel. Н. BoHLE. (Ref) 33, 1219. 
Compensated alternate-current generators. M. WALKER. 34, 402. 
Armature reaction in alternators. J. B. HENDERSON and J. S. NICHOL 


вок. 34, 465. 
Magnetic oscillations in alternators. G. W. WORRALL. 39,206; and 4, 
413. 


Testing of alternators. S. P. Ѕмгтн. 42, 190. 

Testing of alternators. J.D. Солгез. 42, 412. 

Parallel operation of alternators.’ E. ROSENBERG. 42, 524. 
Parallel working of alternators. J. R. Barr. 47, 276. 


Armatures and Commutators. 
A general formula for regular armature windings. D. RoBERTSON. 81,982. 
A method of studying armature windings by means of winding diagrams. 
D. RoBERT&ON. 31, 949. " 
Commutator losses. W. B. Hinp. (Ref) 32, 1161. 
Armature reactions in alternators. H. W. TAYLOR. 38 1144. 
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GENERATORS—Armatures and Commutators (continued)— 

Hydrodynamical and electromagnetic investigations regarding the 
magnetic-flux distribution in toothed-core armatures. H. S. HELE- 
SHaw, A. Hay, and P. Н. POWELL. 34, 21. 

Armature reaction in alternators. J. B. HENDERSON and J. S. NICHOL- 
SON. 34, 465. 

Armature reaction. E. EuaEeNE-BRowN. (Ref) 35, 588. 

Distribution of magnetic induction and hysteresis loss in armatures. 
W. M. THORNTON. 37, 125. 

Experimental analysis of armature reaction. G. KAPP. 42, 703. 

Experimental determination of the moment of inertia of a continuous- 
current armature. G. Kapp. 44, 248. 

Collection of current at high peripheral speeds. P.J. COTTLE and J. A. 
RUTHERFORD. 46, 679. 


Balancers and Boosters. 

Batteries with reversible boosters. С. TURNBULL. (Ref) SB, 588. 
Reversible booster and its running. C. TURNBULL. 36, 591. 
New method of automatic boosting. М. J. E. TILNEY. 36, 605. 
Booster developments. А. H. KELsALL. (Ref) 37, 443. 
Storage batteries and boosters. L. BROEKMAN. (Ref) 37, 443. 
Regulation of the pressure of discharge of lighting batterics. E. P. 

Ноглив and Е. R. ALEXANDER. (Ref) ST, 444. 
Continuous-current boosters and balancers. W. A. Ker. 44, 486. 
Balancers for three-wire systems. А. G. COOPER. 46, 116. 
Theory of the static balancer. C. C. Hawkins. 45, 704. 
Battery economics discharge arrangements. A. M. TAYLOR. 47, 393. 


Converters and Rectifiers. 
Experiments on synchronous converters. W. M. THORNTON. 32, 573. 
Rectification of alternating currents. P. RosLiNG. 36, 634. 
Rotary converters versus motor-generators. M. WALKER. 38, 428. 
Electric “ valves." Е. W. Moss. 39, 692. 
Motor converter. Н W. GREGORY. 41, 803. 
Theory and application of motor converters. H.S. HALLO. 48, 374. 
Metal tungsten as “© valve" electrode. L. Н. WALTER. 43, 547. 
Measurement of relative angular displacement in synchronous machines. 
W. W. FIRTH. 46, 728. 
Design. 
Commutating dynamos and commutating limits. H. M. HoBanr. 31,170. 
Design of continuous-current dynamos, Н. А. Mavon. 31, 218. 
Notes on recent electrical design. W. B. Esson. 32, 329. 
Manufacture of large dynamos and alternators. E. K. Scorr. 32, 362. 
Design of continuous-current dynamos. H. A. Mavor. 82, 473. 
Experiments on eddy currents. W. M. THORNTON. 33, 538. 
Eddy currents in solid and laminated masses. М. B. FrELp. 33, 1125. 
Hydrodynamical and electromagnetic investigations regarding tho 
magnetic-flux distribution in toothed-core armatures. H. S. HELE- 
SHaw, A. Hay, and P. Н. PowELL. 34, 21. 
Design of direct-current dynamos. J. FmrrH. (Ref) 385, 583. 
Magnetic leakage and its effect in electrical design. W. CRAMr. 38, 548. 
Direct-current design as influenced by interpoles. F. H. PAGE and 
F. J. Hiss. 39, 570. 
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GENERATORS— Design (continued)— 

Air-gap correction coefficient. P. Н. PowkLL. 40, 228. 

Standard performances of electrical machinery. Б. GOLDSCHMIDT. 
30, 455. 

Reluctance of air-gap in dynamo machines. Т. Е. WALL. 40, 550. 

Determination of the losses in pole shoes, due to armature teeth. T. F. 
WALL and S. P. Змітн. 40, 577. 

Output and economy limits of dynamo-electric machinery. J.C. Mac- 
FARLANE and Н. BURGE. 42, 232. 

Interpole design. W. B. Higp. 43, 509. 

Design of small direct-current machines. В. E. Storr and J. HaRGRove. 
48, 696. 

German standards and regulations for electrical machinery. N. C. 
Bripce. 48, 525. 

Standardisation of electrical machines. R. ORsETTICH. 48, 182. 

Short-circuiting of large electric generators. M. WALKER. 48, 295. 

Design of turbo-field magnets for alternate-current generators. M. 


WALKER. 48, 319. 
Testing. 


Testing of electric generators bv air calorimetry. R.THRELFALL. 38, 8. 

Report on temperature experiments carried out at the National Physical 
Laboratory. Е. H. Rayner. 34,618. 

Temperature curves and the rating of electrical machinery. R. бош- 
SCHMIDT. 34, 660. 

Testing of electric machinery. J. EPSTEIN. 38, 28. 

Heating coefficient of magnet coils. G. А. LISTER. 38, 399. 

Artificial load for testing electrical generators. Б. К. Мовсом and D. К. 
Morris. 41, 137. i 

Testing alternators. S. P. SMITH. 42, 190. 

Testing alternators. J. D. CoarLEs. 42, 412. 

Kapp-Hopkinson test ор а direct-current machine. W. LuLors. 43, 150. 

Experimental determination of the moment of inertia of a continuous- 
current armature. G. Kapp. 44, 248. 


Turbo-generators. 
Steam turbo-electric generating plants. G. WILKINSON. (Ref) 33,1318. 
Mechanical construction of steam turbines and turbo-generators. W. J. 
A. Lonpon. 38, 163. 
Steam turbine generators. А. G. ErLis. 37,305. 
Development of turbo-generators. R. PoHL. 40, 239. 
Direct-current turbo-generators. W. Hout. 40, 625. 
High-speed electrical machinery. С. Stoney and A. H. Law. 41, 286. 
Selection of turbo-alternators. М. KLoss. 42, 156. 
Design of turbo-field magnets for alternate-current generators. M. 
WALKER. 48, 319. 
Non-salient pole turbo-alternator. S. P. SMITH. 47, 562. 
GEORGI, M. Electric hauling machinery for collieries. (Ref) 33, 1218. 
GERARD, E. Dangers from trolley wires. (р) 31, 90. 
GERHARDI, C. A. Obituary notice. 38, 580. 
German electrical industry, methods and practice in. L. J. LEPINE and 
A. R. Stelling. (r) 44,281. 
standards and regulations for electrical machinery. N. C. BRIDGE. 
(P) 43, 525. 
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German technical schools, teaching of electrical engineering in. D. К. Monnis. 
(Р) 31,1200. 

Germany, Institution visit to, 1901. P. S. SHEARDOWN. (р) 31, 611. 

technical reports on Institution visit to, 1901. (р) 31, 534, 540, 547. 

GERRARD, A. Progress of electric braking on the Glasgow Corporation tram- 
way system. (P) 48, 390. 

GuEury, M. E. J. Wireless telegraphy measurements. (р) 38, 361. 

GiBBINGS, А. Н. Carriage of goods on electric tramways. (P) 32, 1057. 

GirFoRp, R. D. Influence of cooling media upon the rise in temperature of 
soft-iron stampings. (Р) 44, 753. 

Gilbert picture, unveiling ceremony at Colchester. 35, 557. 

tercentenary commemoration. 38, 68. 

Gites, A. S. Coal consumption in central stations. (Ref) 33,1219. 

GILL, F. Automatic telephone exchange systems. (p) 47, 694. 

Divided multiple telephone switchboards. (р) 32, 824. 

— —— Elected Member of Council. 32, 1145. 

— —— Elected Vice-President. 37, 413. 

Elected Vice-President. 41, 850. 

Electricity supply as affected by metal filament lamps. (p) 41, 366. 

— —- Humming telephones. (р) 31, 388. 

— —— Hydro-electric phenomena. (р) 32, 220. 

Overhead equipment of tramways. (p) 37,207. 

Overhead transmission. (р) 934, 543. 

Submarine cables for long-distance telephone circuits. (p) 46, 368. 

Telephone traffic. (р) 35, 310. 

Telephonic transmission measurements. (p) 39, 558. 

——— Track circuit. (р) 38, 119. 

Use of wooden poles for overhead power transmission. (pb) 89, 343. 

GILLETT, G. Extra-high-pressure transmission lines. (D) 46, 661. 

Giorc1, G. Proposals concerning electrical and physical units. (р) 34, 181. 

GIRDLESTONE, J. O. Domestic electricity supply. (p) 42, 66. 

GIUSEPPE, B. A. Obituary notice. 32, 1150. 

GLADSTONE, J. Н. Obituary notice. 32, 1150. 

Glasgow International Engineering Congress, 1901, Electrical Section. 31, 1. 

International Exhibition, 1901, electrical exhibits. W. B. SAYERS. 
(Р) 31,9. 

tramway system of electric braking. A. GERRARD. (P) 45,390. 

University, address of congratulation to. 31, 250. 

GLAzEBROOK, R. T. Earth-currents from distributing systems. (р) 31, 522. 

Effect of heat on dielectrics. (p) 34, 692. 

—— ——- Elected Member of Council. 38, 1209. 

Elected Vice-President. 38, 577. 

Elected President, 1906-7. 37, 413. 

Forms of the temperature curves of field coils. (p) 34, 711. 

—— —— Heating of cables with current. (р) 47, 748. 

—— Heating of magnet coils. (р) 38, 417. 

Inaugural address as President. 38, 4. 

—— —— Magnetic testing. (р) 34, 114. 

Permeameter for testing in bulk. (pb) 31, 308. 

—— —— Photometry of electric lamps. (р) 32,173. 

Properties of iron alloys. (p) 31,723. 

Testing of electric machinery and materials. (D) 38,62, 102. 
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GLAZEBROOK, В. T. (continued). Testing generators by air calorimetry. (р) 
33, 53. ' 

Transatlantic engineering schools. (p) 33, 435. 

Units. (D) 34, 208, 222. 

Units and standards. (p) 38,24. 

GLENDENNING, S. E. Award of premium. 31, 1334. 

Interpoles. (р) 39, 606. 

Motor-starting switches. (p) 32,1101. 

Output of dynamo-electric machinery. (p) 42, 280. 

Globes for lamps, efficiency of. J. S. WESTERDALE and F. C. PRENTICE. (P) 
37, 359. 

GODDARD, 8. J. Telephone traffic. (p) 38, 307. 

GOLDSCHMIDT, R. Air-gap correction coefficients. (p) 34, 50. 

— Award of premium. 38, 550. 

Magnetic leakage. (p) 38, 588. | 

Standard performances of electrical machinery. (р) 40, 455. 

Temperature curves and the rating of electrical machinery. (P) 34, 660. 

GoLpsTON, R. C. Regenerative control. (р) 38, 391. 

GoopENovuaH, Н. T. Obituary notice. 32,1152. 

GooDFELLOW, E. A. F. Award of Salomons Scholarship. 35, 549. 

GoopmaNn, J. Testing of electric machinery. (р) 38,91. 

Use of wooden poles for overhead power transmission. (P) S9, 321. 
(n) 334. 

GoopRICH, W. F. Electricity from refuse; and the modern destructor. 
(Ref) 82,1161. 

Goods, carriage of, on electric tramways. А. H. GiBBINGS. (P) 82, 1057. 

Соогрем, W. T. Obituary notice. 31, 1366. 

Gort, А. E. Artificial load for testing. (р) 41, 158. 

Kapp-Hopkinson test on a single direct-current machine. (p) 48,171. 

Standardisation of electrical machines. (р) 45, 156. 

Standardisation of fuses. (р) 48, 642. 

Starting resistances. (P) 31,1219. 

Support and protection of inside conductors. (p) 32,850. 

Telephone exchanges. (p) 34, 1244. 

борү, S. Н. Support and protection of inside conductors. (p) 32, 850. 

Grading of cables. A. RussELL. (P) 40,6. | 

GRAHAM, Н. B. Gas engines for electric lighting. (Ref) 82, 1160. 

GRAMACCINI, J. Н. F. Obituary notice. 45, 770. 

Grangesberg Iron Mines electric power installation. G. RaLPH. (р) 38, 66. 

Grant, J. E. Short-circuiting of large electric generators. (р) 45, 371. 

Grant, W. Electricity meters and meter testing. (р) 47, 103. 

GRANVILLE, W. P. Submarine cables for long-distance telephone circuits. 
(n) 46, 388. 

Graphical methods, limitation of, in electrical theory. A. RUSSELL. (Р) 31,438. 

Graphical treatment of the skin effect. A. Hav. (P) 46, 487. 

treatment of zigzag and slot leakage in induction motors. R. E. 
HELLMUND. (P) 48, 239. 

GRAVE, L. W. ps. Electric shocks. (p) 31,802. 

GRAVES, A. Obituary notice. 32, 1152. 

GRAVES, J. Obituary notice. 47, 864. 

Gray, A. New electromagnet for magneto-optic work. (Ref) 31, 1370. 

Resonance in electric circuits. (р) 22, 701. 
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Gray, H. Balancers for three-wire systems. (р) 45, 125. | 

Electric heating as applied to cooking apparatus. (P) 47, 249. 

Gray, J. Н. Elected Member of Council. 37, 414. 

Gray, R. K. Appointed Representative of the Institution on the General 

Board of the National Physical Laboratory. 32, 1127. 
——— Appointed Representative of the Institution on the Governing Body of 
the Imperial College of Science and Technology. 41, 821. 

——— Elected Member of Council. 31, 1361. 

———— Elected President, 1903-4. 32, 739, 740, 1145; 38, 1209. 

—— —— Expenditure on the Institution Building. 45, 767. 

—— — Inaugural address as President. (P) 33,2. 

——— International Electrical Congress at St. Louis, 1904. (p) 38, 6. 

Presentation of portrait to. 36, 588. 

GREENE, C.J. Extra-high-pressure transmission lines. (р) 46, 612. 

Use of wooden poles for overhead power transmission. (р) 39, 346. 

Greenock refuse destructor. J. А. ROBERTSON. (P) 48, 651. 

Greenwich power station switchgear. F. WALKER. (Р) 38,635. 

GREGORY, Н. W. Award of premium. 41, 820. 

Motor converters. (P) 441,808. 

——--— Motor converters. (р) 43, 415. 

GREGORY, M. Methods and practice in the German electrical industry. (р) 
44, 321. 

GRIFFIN, J. Award of premium. $2, 1122. 

GRIFFITHS, E. Magnetic properties of some manganese steels of definite 
composition. (P) 47, 771. 

GRIFFITHS, H. Testing generators by air calorimetry. (p) 38, 59. 

GRIFFITHS, W. “ О.В.’ surface contact system. (р) 42, 512. 

GRINDLE, G. A. Obituary notice. 37, 439. 

GRIPPER, F. E. Elected Member of Council. 32, 1145. 

Groaan, F. S. Electric heating as applied to cooking apparatus. (р) 47, 266. 

Overhead equipment of tramways. (р) 37, 208, 209, 210. 

Groves, W. E. Extending the limits of power transmission. (р) 43, 440. 

Localisation of faults on low-tension networks. (Р) 33, 1029. 

Network tests and station earthing. (р) 32, 894. 

Gun factory at Woolwich electrical installation. Н. С. L. HoLpEN. (P) 
36, 40. 

Guns, W. G. Electrical safety systems for use in mines. (D) 44, 673. 

GUNTHER, J. Management of workshops. (р) 41,752. 

Gunton, H. C. Long-distance transmission lines. (p) 32,921. | 

Gunton, H. C. and PEARCE, S. L. Manchester tramways power supply. 
(Ref) 38, 588. 

Gurpon, Sir B. Electric shocks. (р) 31, 774. 

GuTHE, К. E. Units. (p) 34, 228. 

Guy, A. Е. High-tension central station switchgear. (р) 81, 1267. 

Parallel operation of alternators. (p) 42,509. 

Power factor in alternating-current systems. (р) 42, 618. 

Telephones. (р) 44, 418. 
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HADFIELD, Sir R. A. Award of premium. 47, 826. 
HADFIELD, Sir R. A., Barretr, W. F., and Brown, W. Electrical conduc- 
tivity and magnetic properties of iron alloys. (P) 31,071. 
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HADFIELD, Sir R. A., and Норкіхвох, B. Magnetic properties of iron and 
its alloys in intense fields. (r) 46, 235. 

Hares, О. Obituary notice. 45, 771. 

HALDANE, Right Hon. R. B. Speaking at Annual Dinner, 1908. 42, 224. 

Harp, C.J. Electrical equipment of an engine works and shipyard. (Р) 
33, 1015. | 

HALL, H. Electric shocks. (p) 31,801. 

Harto, H. S. Award of premium. 43, 705. 

Motor converters. (Р) 43,374. 

Harrin, D. Steam-power plants. (р) 34, 366. 

Hame, J. W. “G.B.” surface contact system. (р) 42, 492. 

Metallic filament lamps. (р) 44, 521. 

HaMiILTON,À. Award of premium. 41, 820. 

“ Brown McKenzie” system of railway signalling. (P) 41, 793. 

HAMMARSKJOLD, T. P. K. Obituary notice. 48, 823. 

HAMMOND, R. Cost of electrical power. (р) 40, 335. 

Depreciation. (р) 39, 270. 

Elected Honorary Treasurer. 32, 3. 

Electrical driving in works. (p) 32, 1001. 

Electrical system of the L.C.C. tramways. (р) 48, 309. 

—— —— Electricity supply as affected by metal filament lamps. (р) 41, 361. 

Expenditure on the Institution Building. 45, 766, 767, 768. 

Nernst lamps. (р) 32,528. 

Parsons steam turbines. (p) 33, 818. 

Purchase of the Medical Examination Hall. 41,852; 48, 814. 

Hampson, C. G. Obituary notice. 43, 823. 

Hanpcock, E. C. Domestic electricity supply. (р) 42, 73. 

Hawpcock, Н. W. Domestic electricity suppiy. (р) 42, 51. 

Electrical legislation and finance. (Ref) 31, 1371. 

———— Gas engines for electric power. (p) 43,75. 

Metal filament lamps. (р) 41, 666. 

Oilengines. (p) 43, 598. 

Hanpcock, Н. W., and Dykes, А. Н. Electricity supply as affected by metal 

filament lamps. (Р) 41, 382. 

Present aspect of electric lighting. (») 44,57, 792. 

Hanks, F. T. Pumping plant. (р) 42, 638. 

Support and protection of inside conductors. (p) 32,847. 

Hanson, А. С. Street lighting. (p) 34, 748. 

Harcourt, А. V. Lamp standards. (p) 38, 333. 

Photometry of electric lamps. (p) 32, 171. 

HARGROVE, J. Award of premium. 43, 786. 

HARGROVE, J., and Srorr, B. E. Design of small direct-current machines. 
(P) 43, 696. 

HARKER, J. A. Incandescent lamps. (p) 38, 227. 

HanLow, G. Transformers. (р) 42, 399. 

Transmission of electrical energy at high tensions on overhead wires. 
(D) 44, 463. 

HanLow, G., and FAyE-HANSEN, К. Merz-Price protective gear for alternat- 
ing-current circuits. (р) 46, 671. 

Harmonics in three-phase working. У. ТАТО. (Ref) 33, 1218. 

Harris, A.J. Electricity supply for small towns and villages. (р) 32, 1030, 

Harris, H. G. Obituary notice. 47, 864. 
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Harris, T. H. Laying and maintenance of transmission cables. (D) 47,362. 

Harrison, Н. E. Elected Member of Council. 37, 414. 

Obituary notice. 43, 823. 

Transatlantic engineering schools. (р) 33, 487. 

Units. (D) 34. 215, 223. 

Units and standards. (D) 38, 33. 

Harrison, H. H. Divided multiple telephone switchboards. (p) 32, 826. 

Practical aspects of printing telegraphy. (p) 47, 524. 

Harrison, H. Т. Award of premiums. 37, 387 ; 47, 826. 

Incandescent lamps. (р) 838, 261. 

— Lamp standards. (р) 38,817. 

—— —— Long-flame arc lamps. (р) 37, 26. 

Metal filament lamps. (D) 41,661. 

Practical photometry. (Ref) 39, 793. 

Street lighting. (») 36, 188. 

Street lighting by modern electric lamps. (P) 46, 24. 

Harriss, G. M. Gas engines for electric power. (р) 43, 83. 

Irish water-power. (p) 34, 1160. 

Protective devices for high-tension transmission circuits. (p) 40, 544. 

HARTENHEIM, M. Parallel operation of alternators. (p) 42, 569. 

HaRTLEY, Н. Overhead equipment of tramways. (р) 37, 197. 

HARTNELL, W. Cost of electrical power. (p) 40, 885. 

Electrification of rolling mills. (р) 48, 500. 

——— Heating of ventilated and enclosed motors. (P) 41, 490. 

Overhead line construction. (р) 44, 819. 

——— Private electrical plants. (Ref) 37, 448. 

— —— Rating and testing of motors for intermittent working. (p) 48, 234. 

Turbo-generators. (р) 40, 269. 

Waste in incandescent lighting. (р) 87, 74. 

Haulage, electrical, on canals. E. W. MancHaNT. (Ref) 82, 1161. 

Hauling machinery, electric, for collieries. M. GEoBar. (Ref) 33, 1218. 

Hawkins, C. С. Award of premium. 47, 826. 

Commutation in a four-pole motor. (р) 35, 441. 

—— —— Commutation phenomena in direct-current machines. (р) 48, 532. 

——— Electrical design. (р) 32, 440. 

Heating of magnet coils. (p) 38, 425. 

Magnetic-flux distribution in toothed-core armatures. (p) 34,45. 

Output of dynamo-electric machinery. (p) 42, 272. 

Theory of the static balancer. (pr) 48, 704. 

HawonRrH, Н. F., MATTHEWMAN, T. H., and Осге, D. H. Life tests of 
incandescent lamps using alternating currents. (P) 38, 350. 

Hawrayne, W. С. C. Rail corrugation. (p) 89, 22. 

Hay, A. Award of premium. 38, 550. 

Distribution losses and resonance. (р) 32, 749. 

Graphical treatment of the skin effect.. (P) 46, 487. 

—— —— Heating of magnet coils. (p) 38, 419. 

—-— Losses in pole-shoes. (p) 40, 597. 

——— Rail corrugation. (р) 89, 24. 

Testing of transformers. (р) 87, 290. 

Torque conditions in alternate-current motors. (р) 40, 218. 

Hay, A., HEeLE-SHAW, Н. S., and PowkELr, P. Н. Magnetic-flux in toothed- 
core armatures. (р) 34, 21. 
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Haynes, F. T. J. Obituary notice. 47, 864. 

Heap, A. P. Obituary notice. 38, 580. 

HEAD, W.J. Electricity in shipyards. (р) 38,858. 

HraLv, L. T. Flexibles. (p) 39, 117. : 

HerapHy, M. Obituary notice. 48, 771. 

Heat conductivity of iron stampings. Т. M. Bartow. (р) 40, 601. 

Heat-runs, notes on. F. W. Carter. (P) 32,1104. 

HeatH, Н. Н. E. Obituary notice. 38, 581. 

НЕАТН, L. W. Obituary notice. 32,1154. 

HEATHER, Н. J. S. Driving of winding engines by induction motors. (P 
41, 609. 

Heating and sparking limits in variable-speed motors. А. H. Bate. (Р) $$, 

421. 

—— —— by electricity. W. R. CooPER. (P) 42, 26. 

—--— by electricity. J. ROBERTS. (Р) 42, 362. 

coefficient of magnet coils. G. А. LISTER. (P) 38, 399. 

electric. А. E. JEPsOoN. (Р) 35, 527. 

electric, and metallic filament lamps, and their effect on electricity 

supply. Н. W. Hanpcock and A. Н. Dykes. (P) 41, 332. 

electric, as applied to cooking apparatus. H. Gray. (Р) 4, 249. 

of cables with current. 8. W. MELsow and Н. С. Воотн. (р) 47,111. 

of motors. Е. W. CARTER. (Р) 82, 1104. 

of ventilated and enclosed motors. W. HARTNELL. (Р) 41, 490. 

HEAviSIDE, А. W. Cost of electrical power. (р) 40, 358. 

Disturbance of telegraph and telephone circuits. (p) 38,532. 

—— ——- Experiments on eddy currents. (p) 33, 559. 

Overhead conductors. (р) 31, 1141. 

Overhead transmission. (р) 34, 541. 

——— Railway block signalling. (р) 32, 618. 

Support and protection of inside conductors. (р) 32, 847, 851. 

Telephone exchanges. (p) 81, 1244. 

HEAVISIDE, O. Elected Honorary Member, 1908. 42, 472. 

HEDLEY, W. S. Electric shocks. (р) 31, 779. 

HELE-SHaw, H. S. Award of premium. 38, 550. 

HELE-SHaw, Н. S., Hay, A., and PowELL, P. Н. Magnetic-flux in toothed- 
core armatures. (r) 34,21. | 

HrELLMUND, R. E. Graphical treatment of the zigzag and slot leakage if 
induction motors. (р) 48, 239. 

HENDERSON, C. A. Distributing mains. (p) 81,860. 

HENDERSON, H. Electrical power in railway goods warehouses. (р) 414,9. 

Train lighting. (P) 39, 132. 

HENDERSON, J. B. Alternating-current motors in industrial service. (P) 

35, 489. 

Armature reaction in alternators. (р) 34, 465. 

Award of premium. 38, 551. 

Education of an electrical engineer. (p) 33, 615. 

Resonance in electric circuits. (p) 32, 700. 

Henry Cort Memorial, unveiling ceremony. 38, 558. 

HERBERT, T. E. Magnetic testing of iron. (D) 40, 154. 

HERZFELD, R. Electric winding in collieries. (p) 36, 529. 

HESKETH, J. Appointed local Honorary Secretary for Queensland. $3, 119%. 

HESKETH, T., Transmission by direct-current. (р) 38, 509. 
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Hess, W. Rated speed of motors. (p) 33, 495. 
HETHERINGTON, E. F. Award of premium. 47, 827. 
HETHERINGTON, E. F., and PLowMaw, Б. C. Exhaust steam turbines. (P) 
47, 798. 
Hryn, E. Magnetic properties of iron and its alloys in intense fields. (р) 
46, 294. 
HiBBERT, W. Edison accumulator for automobiles. (P) 33, 203. 
Hicks, W. M. Magnetic properties of carbon-tungsten steels. (p) 42,672. 
Hiaeins, С. Practical aspects of printing telegraphy. (р) 47, 517. 
Present aspect of electric lighting. (р) 44, 90. 
Нсоімв, F. Setting type by telegraph. (р) 34, 602. 
High peripheral speeds, collection of current at. P. J. COTTLE and J. A. 
RUTHERFORD. (P) 48, 679. 
High-speed electric railway experiments on the Marienfelde-Zossen line. 
A. SIEMENS. (P) 33, 894. 
———— electrical machinery. G. STONEY and A. H. Law. (P) 41, 286. 
railway car of the A.E.G. О. LascHE. (P) 34, 24. 
High temperature electrochemistry and experimental and technical furnaces. 
R. S. Hutton and J. E. PETAvEL. (P) 32,222. | 
High-tension central station switchgear construction (British and foreign). 
Н. W. CLOTHIER. (P) 31,1247. 
direct-current railway systems. A. MONKHOUSE. (P) 47, 793. 
spark discharge in air. P. Kempand W. A. STEPHENS. (P) 45, 685. 
switchgear. L. ANDREWS. (P) 34, 438. 
switchgear control. F. WALKER. (P) 38, 635. 
transmission circuit protective devices. J. S. Peck. (Р) 40, 498. 
transmission lines. R. B. MarrHEWS and C. T. WILKINSON. (P) 
46, 562. 
transmission lines. W. T. TAYLOR. (Р) 46, 510; and 47, 167. 
transmission of electrical energy on overhead lines. E.W. MARCHANT 
and E. A. Watson. (P) 44, 423. 
High-voltage electricity, generation of, by exhaust steam. М. MACLEAN. 
(Ref) 32, 1160. 
— —— machines, chemical action in. А. P. M. FLEMING and R. JOHNSON. 
(Р) 4T, 530. 
three-phase electric railways. M. T. Рісквтохе. (Ref) 32, 1161. 
HiGHFIELD, J. S. Boosters. (р) 36, 615. 
Bow works of the Charing Cross Electricity Company. (p) 36, 
111, 148. 
——— Chemical action in the windings of high-voltage machines. (р) 
4T, 551. 
City and South London Railway, three-wire system. (D) 33, 166. 
— —— Development of electrical driving in factories due to cheap electricity 
supply by large power companies. (Ref) 32,1161. 
— — Dust destructors. (p) 34, 299. 
——— Elected Member of Council. 33, 1209; 47, 860. 
— — Electricity supply in bulk. (р) 31, 908. 
— ——— Gas engines for electric power. (р) 43, 56. 
Laying and maintenance of transmission cables. (p) 47, 339. 
Losses off transmission lines due to brush discharge. (р) 45, 31. 
Motor load development. (p) 36, 267. 
Overhead transmission. (p) 34, 544. 
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HIGHFIELD, J. 8. (continued). Profitable sale of eleetricitv. (р) 31, 487. 
Responsibility of the engineer. 42, 685. | 
Transmission of electrical energy by direct current on the series 
system. (P) 38, 471. 
HikELEY, J. Power companios' testing departments. (p) 47, 767. 
HiLL, C. W. Crane motors and controllers. (Р) S6, 290. 
Heating and sparking limits. (p) 38, 428. 
Overhead equipment of tramways, (р) 37, 193. 
Hint, E. L. Electrical driving of textile factories. (р) 40, 175. 
HILL, G. Carriage of goods on electric tramways. (p) 32, 1086. 
Нил, J. G. Submarine cables for long-distance telephone circuits. 
(D) 46, 393. 
Telephonic transmission measurements. (p) 89,542. 
Hincks, H. T. Obituary notice. 48, 824. 
Нвр, F. Electric winding in collieries. (р) 36, 524. 
'* О.В.” surface contact system. (р) 42, 489. 
Hırd, W. B. Alternating-current motors in industrial service. (р) 38, 488. 
Armature reaction in alternators. (р) 34, 488. 
Commutator losses. (Ref) 82, 1161. 
Design of continuous-current dynamos. (p) 32, 491. 
Education of an electrical engineer. (p) 33, 614. 
Iuduction motors. (p) 41,707. 
Interpole designs. (р) 48, 509. 
——— Resonance in electric circuits. (р) 32, 698. 
Testing of tramway motors. (р) 31, 1318. 
Hirst, H. Elected Member of Council. 33, 1909; 47, 860. 
Electricity supply as affected by metal filament lamps. (р) 44,319. 
Incandescent lamps. (p) 38, 244. 
Present aspect of electric lighting. (p) 44, 87. 
— —— Recent progress in tungsten metallic filament lamps. (р) 41, 636. 
Transatlantic engineering schools. (p) 33, 451. 
Hiss, F. J. Award of premium. 31, 1884; 32, 1122. 
Hiss, F. J., and Pace, Е. Н. Direct-current design as influenced by inter- 
poles. (P) 39,570. 
HoapLEYy, E. E. Arc lamps. (р) 87, 34. 
HoBaRT, Н. M. Award of premium. 31, 1334. 
City and South London Railway, three-wire system. (p) 38, 162. 
Commutation in a four-pole motor. (p) 38, 441. 
Effect of heat on dielectrics. (р) 34, 702. 
-——— Electric railway engineering. (р) 36, 271. 
———— Heating and sparking limits. (p) 38, 427. 
— —— Heating of magnet coils. (p) 38, 419. 
— —— High-speed electrical machinery. (р) 44, 318. 
Losses off transmission lines due to brush discharge. (p) 48, 40. 
Magnetic dispersion in induction motors. (р) 33,981. 
—— —— Modern commutating dynamos and commutating limits. (р) 31, 170. 
—— —— Rated speed of electric motors as affecting the type to be employed. 
(Р) 33,472. 
— —— Short-circuiting of large electric generators. (р) 48, 336. 
— —— Single-phase commutator motors. (p) 36, 374. 
Transmission by direct current. (p) 38, 521. 
Hoery, S. Electric breaking on the Glasgow tramway system. (р) 48, 434. 
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Hoaa, J. W. Laying and maintenance of transmission cables. (p) 47,365. 

HoHNE, H. S. Modern electric time service. (р) 48,91. 

Hoisting engines, control of. E. RosENBERG. (r) 46, 130. 

Hoists. Н. С. Crews. (г) 87, 245. 

HoLDpEN, Е. Magnetic testing. (p) 34, 115. 

Ногрем, Н. С. L. Application of electricity in ће Royal Gun Factory, 
Woolwich Arsenal. (P) 36, 40. 

Elected Member of Council. 38, 577. 

Elected Vice-President. 39, 784. 

Ногрем, J. Problem of applying electric driving to railways. (р) 33, 
533. 

Ногрем, S. Н. Boosters. (p) 36, 620. 

Central station economics. (p) 39, 398. 

Eddy-current brakes. (р) 38, 470. 

——— Electricity meters and meter testing. (п) 47, 53. 

——— Electrolytic meters. (Р) 36, 393. 

—— — Equipment of an engine test house. (р) 83, 974. 


Heating and sparking limits. (p) 35, 429. 

Kapp-Hopkinson test on a single direct-current machine. (р) 43, 171 

Power companies’ testing departments. (p) 47, 763. 

Hourpay, R. Turbo-generators. (p) 40, 276. 

НоггАМРр, Н. М. Steam-power plants. (p) 34, 374. 

Ноымлраү, J. Coal testing. (Ref) 37, 443. 

Ногхоѕвжовтн, E. M. Central station economics. (р) 39, 401. 

Ногтлмв, Е. T. Obituary notice. 39, 788. 

Ноглив, E. P. Electrical system of the L.C.C. tramways. (р) 48, 341. 

Electrical power in warehouses and docks. (p) 41, 33. 

Power station design and operation. (Ref) 39, 794. 

Street lighting by modern electric lamps. (р) 46, 67. 

Horis, E. P.,and ALEXANDER, E.R. Discharge of lighting batteries. (Леў) 
37, 444. 

Ногме, T. Automatic telephone exchange systems. (р) 47, 702. 

HorwEs, A. B. Equitable charges for tramway supply. (р) 44, 612. 

Ногмев, J. Н. Electricity in shipyards. (р) 33, 857. 

Experiments on eddy currents. (p) 33, 564. 

— High-speed electrical machinery. (р) 41, 322. 

Inaugural address as Chairman of the Newcastle Local Section. 82, 
542. 

Kand»r power house. (р) 32, 869. 

Support and protection of inside conductors. (р) $2, 845. 

— —— Synchronous converters. (р) 82, 597. 

—— —— Use of the flicker photometer for differently coloured lights. (р) 44, 

180. 

Horngovyp-SMrrH, M. Problems of electric railways. (p) 31, 1049. 

HorngovpE, J. N.C. Transformers. (р) 42, 401. 

Нотт, W. Standardisation of electrical machines. (р) 48, 158. 

Home Office regulation for the use of electricity in factories. 37,390; 41, 

821. 

— —— Office rules for the use of electricity in mines. 45, 735. 

Office special rules (1905) for mines. 39, 255. 

Номе-Мовтох, A. Electrical undertaking of the Birmingham Tame and 
Кез District Drainage Board. (р) 47, 229. 
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Honorary Members. Election of C. E. WEBBER. 33, 1180. 

Election of E. THomson. 36, 546. 

Election of J. J. THomson. 39, 745. 

Election of O. HEAVISIDE and The Hon. C. A. PARSONS. 43, 780. 

Ноор, J. W. Jacoms-. See JACOMB-Hoop, J. W. 

HooGHwINKEL, G. Electric winding in collieries. (P) 36, 506. 

Power station design. (р) 33, 784. 

Use of uninsulated middle wire. (р) 31, 554. 

Ноокет, J. Obituary notice. 33, 1211. 

HooKHaM, G. The Nernst lamp. (р) 31, 1197. 

Hopr-Jones, F. Award of premium. 48, 731. 

Modern electric time service. (P) 48, 49. 

—-— Electrical time service. (Ref) 32, 1160. 

Hopkinson, B. Award of premium. 47, 826. 

- —-- Presentation of the Hopkinson bust. 44, 2. 

Hopkinson, B., and HADFIELD, Sir R. A. Magnetic properties of iron and 
its alloys in intense fields. (P) 46, 235. 

Hopkinson, E. Elected Member of Council. 39, 784. 

Hopkinson, J. Presentation of marble bust of. 44, 2. 

Horpern, L. Н. Cost of electrical power. (р) 40, 357. 

Profitable sale of electricity. (р) 34, 511. 

Hoscoop, N. Refuse destructors. (p) 43, 689. 

HOSPITALIER, E. Slow registration of rapid phenomena by strobographic 
methods. The ‘‘ Ondographe” and the “ Puissancegraphe." (р) 83, 75. 

 Hot-wire wattmeters and oscillographs. J. T. IRwiw. (р) 39, 617. 

Hourr, W. Direct-current turbo-generators. (р) 40, 625. 

Reluctance of the air-gap in dynamo machines. (р) 40, 569. 

House wiring, economising wire іп. W. TATLOW. (Ref) 32, 1160. 

Housman, R. H. Testing of motor loses. (р) 31, 641. 

Obituary notice. 38, 581. 

Нот, Е. J. O. Dielectric strength of insulating materials. (n) 40, 45. 

Hower, G. W. О. Electrical system of the L.C.C. tramways. (р) 48, 33. 

Improvement of efficiency in radiotelegraphy. (р) 44, 401. 

——— Methods and practice in the German electrical industry. (р) 44, 319. 

———— Motor converters. (р) 43, 413. 

Parallel operation of alternators. (p) 42, 559. 

Submarine cables for long-distance telephone circuits. (р) 46, 417. 

Hows, J. Obituary notice. 31, 1367. | 

HOWELL, A. Laying and maintenance of transmission cables. (р) 47, 344. 

HowELL,I. Lamp standards. (р) 38,335. 

Waste in incandescent lighting. (р) 37, 69. 

Hoye, B. Award of premium. 43, 785. 

Magnetic properties of iron and its alloys in intense fields. (p) 46,390. 

Hoye, B., and Cramp, W. Electric discharge and the production of nitric 
acid. (р) 42, 297. 

Норвом, W. Н. H. The elastic catenary. (р) 31, 324. 

Hugo, L. du B. Obituary notice. 48, 771. 

Hutse, R. P. Tests on the Nernst lamp. (р) 31, 1180. 

Human, H. Elected Member of Council. 39, 784. 

Flexibles. (p) 39, 106. 

Heating of cables with current. (p) 47, 736. 

Humming telephone. F. GILL. (р) 31, 388. 
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HuMHPREY, Н. A. Gas engines for electric power. (р) 43, 51. 

Номт, А. А. Painter of the Gilbert picture. 33, 68. 

Hunt, Е. С. Motor-starting switches and resistances. (Ref) 33, 1218. 

Номт, F. O. Automatic cab-signalling on locomotives. (р) 40, 97. 

Earthed versus insulated neutrals in colliery installations. (р) 495, 
581, 584. 

— ——— Electrical power in warehouses and docks. (р) 41, 32, 35. 

— Electrically driven lifts. (Ref) 38, 588. 

——— High-speed electrical machinery. (р) 41, 324. 

—— Laying and maintenance of transmission cables. (р) 47, 351. 

———— Losses in pole-shoes. (р) 40, 596. 

—— Motor-starting switches. (p) 32, 1100. 

Power companies’ testing departments. (p) 47, 767. 

——— Static sub-station design. (p) 46, 483. 

———— Three-phase working. (р) 38, 161. 

Train lighting. (р) 39, 161. 

Hunt, Н. Е. Motor-starting switches. (р) 32, 1101. 

Hont, L. J. New type of induction motor. (р) 39, 648. 

Hunter, P. V. Chemical action in the windings of high-voltage machines. 

(D) 47, 556. 

— -— Extra-high-pressure transmission lines. (p) 46, 644. 

— —— Laying and maintenance of transmission cables. (р) 47, 354. 

Merz-Price protective gear for alternating-current circuits. (p) 46, 
705. 

Static sub-station design. (р) 46, 462. 
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Idle currents. M. B. Frerp. (р) 87, 83. 
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R. E. HELLMUND. (r) 45, 239. 

—— —— motors, and their leakage. A. Baker and J. T. Inwin. (р) 38,190. 

———— motors and their magnetic dispersion. Н. BEHN-EscHENBURG. (Р) 
83, 239. 

— ——— motors for driving winding engines. H. J. 8. HEATHER. (v) 47,00). 


motors, polyphase, irregularities of rotating field in. С: Е. Suir 
(P) 46, 132. 
motors, single-phase, relation between stator and rotor circuits of. 
С. F. Surru. (р) 44, 203. 
Inductive circuits. W. Brew. (Ref) 31, 1370. 
Industrial position of Great Britain. W. LaNGDON. (P) 31, 3. 
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Electricity in shipyards and engine works. J. А. ANDERSON. 338, 845. 
Electrical equipment of an engine works and shipyard. Н. О. WRAITH. 
83, 994. 
Electrical operation of textile factories. H.W. WiLsoN. 34, 757. 
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Use of the potentiometer in the measurement of temperature of flue and 
furnace gases. W. A. Price. (Ref) 32, 1161. 
Slow registration of rapid phenomena by strobographic methods. E. 
HosPITALIER. 33, 975. 
Direct-reading measuring instruments for switchboard use. K. Epa- 
CUMBE and F. Punca. 88, 620. 
The oscillograph. D. К. Morris and J. К. CATTERSON-SMITH. 33, 1019. 
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(n) 47, 160. 

Use of the flicker photometer for differently coloured lights. (PD) 
44, 177. 

Morrison, G. J. Problem of applying electric driving to railways. (p) 38, 530. 

Obituary notice. 38, 582. 

Morrison, W. M. Elected Member of Council. 48, 818. 

Production, properties, and use of aluminium. (Р) 31, 400. 

Монве, S. Elected Member of Council. 31, 1361; 48, 765. 

MorsHEaD, L. R. Telephones. (D) 44, 418. 

Morton, A. Н. Education of an electrical engineer. (p) 33, 614. 

Morton, W. R. Extra-high-pressure transmission lines. (р) 46, 645. 

Laying and maintenance of transmission cables. (p) 47, 852. 

Moss, E. W. Award of premium. 89, 751. 

Electric valves. (р) 39, 692. 

Moss, J. High-tension switchboards. (р) 31, 1266. 

Motive-power supply from central stations. R.A. OHATTOCK. (р) 82, 621. 

Motor cars, electric ignition for. F. LrrrLe. (Ref) 87, 444. 

converters. H. W. GREGORY. (P) 41, 808. 

converters, their theory and application. Н. S. HALLO. (P) 48, 374. 

converters. See also under Generators (Converters and Rectifiers). 

generators. M. WALKER. (P) 38, 428. 

driving. W. J. BELsEYv. (Ref) 37, 443. 

load development. A. M. TAYLOR. (Р) 835,227. 

Motors for industrial power. See under Industrial Power. 


MOTORS. General 
Motor-starting switches. А. H. Bare. 32, 1088. 
Motor-starting switches and resistances. F.C. Hunt. (Ref) 33,1218. 
Motors on hire or hire-purchase systems. S. E. BRrrTON. (Ref) 33, 1218. 
Motors for cranes. C. Н. Нил. 36, 290. 
Rules for continuous-current traction motors. 43, 543. 
Elimination of sparking. L. H. A. Cann. 48, 712. 
Direct-current variable-speed motor. W. S. LoNsparx. 43, 738. 


Alternating-current. 
The running of synchronous motors. H. W. TAYLOR. 33, 1144. 
Alternating-current commutator motors. F. CREEDY. 33, 1163. 
Alternating-current railway motors. В. д. ARNOLD. 34, 229. 
Alternating-current sories motor. F. CREEDY. 38, 45. 
Alternating-current motors in industrial service. P. D. Іомірев. 38, 415. 
Description of some plant inspected during a visit to the United States 
(principally single-phase traction motors) Н. L. RisELkv. (Ае) 
38, 588. 
A new single-phase commutator motor. V. A. FYNN. 36, 324. 
Single-phase railway motors. T. H. SHOEPF. 38, 637. 
Torque conditions in alternate-current motors. V. A. FyNN. 40, 181. 
Single-phase commutator motors. С. W. P. Pack and G. J. Scorr. 47,799. 
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MOTORS (continued)— 
| Design and Testing. 
Testing motor losses. W. E. SuMPNER. 31, 632. 
Testing tramway motors. M. B. FIELD. 31, 1283. 
Notes on heat-runs. F. W. CARTER. 32,1104. 
Influence of magnetic dispersion in the design of induction motors. H. 
BEHN-ESCHENBURG. 33, 239. 

Rated speed of electric motors. H. M. Новлвт. 33, 472. 

Report on temperature experiments carried out at the National Physical 
Laboratory. E. Н. Rayner. 94, 613. 

Temperature curves and the rating of electrical machinery. R. Gorp- 
SCHMIDT. 984, 660. 

Heating and sparking limits in variable-speed motors. A. H. Bate. 88, 421. 

Commutation in а four-pole motor. J. K. CATTERSON-SMITH. 38, 430. 

Eddy-current brake for testing motors. D. K. Morris and G. A. LISTER. 

35, 445. 
Commercial testing of small motors. T. CARTER. (Ref) 87, 444. 
Analysis of the magnetic leakage in induction motors. A. BAKER and 
J. T. IRwiN. 38, 190. 

Magnetic leakage and its effect on electrical design. W. CRAMP. 38, 548. 

Experimental determination of the losses in motors. C. F. SMITH. 39, 437. 

Air-gap correction coefficient. Р. H. PowkrL. 40, 228. 

Heating of ventilated and enclosed motors. W. HARTNELL. 41, 490. 

Rating and testing of motors for intermittent working: R. Ронг. 45, 216. 

Graphical treatment of the zigzag and slot leakage in induction motors. 

R. E. HELLMUND. 48, 239. 
Inherent speed regulation of the direct-current shunt motor. E. W. 
SHORT. 46, 171. 
Induction. 

Magnetic dispersion in induction motors. H. BEHN-EscHENBURG. 33, 239. 

Alternate-current induction motors. Т. H. Сновтом. (Ref) 37, 443. 

Analysis of the magnetic leakages in induction motors. А. BAKER and 

- J. T. IRwIn. 38, 190. 
A new type of induction motor. І. Ј. HuwT. 39, 648. 
Induction motors. R. Rankin. 39,714. 
Polyphase induction motors. G. STEVENSON. 41, 676. 
Relation between the stator and rotor circuits of the single-phase induc- 
tion motor. C. F. SMITH. 44, 203. 

Graphical treatment of the zigzag and slot leakage in induction motors. 
R. E. HELLMUND. 48, 239. 

Irregularities in the rotating field of the polyphase induction motor. С. Е. 
SMITH. 46, 132. 

Driving winding engines by induction motors. H. J. S. HEATHER. 47, 609. 
Mout, H. E. Industrial photometry of incandescent lamps. (р) 32, 197. 
Moutp, J. Award of Salomons Scholarship. 43, 785. 

Movtton, FLETCHER, Rt. Hon. Lord Justice. Speaking at Annual Dinner 

1911. 46, 498. 

Mountain, А. B. Electricity supply in bulk. (p) 34, 909. 

Electricity supply for small towns and villages. (р) 32, 1017. 
Inaugural address as Chairman of Leeds Local Section. 36, 171. 
— —— Motive power supply from ceutral stations. (p) 32, 624. 

— —— Rectifiers. (p) 36, 634. 
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MOUNTAIN, А. B. (continued). Secondary cells. (n) 36, 417. 

Mountain, W. B. Electrical energy in mines and collieries. (Ref) 35,558. 

Mountain, W. С. Earthed versus insulated neutrals in colliery installations. 
(D) 45,571. 

Driving of winding engines by induction motors. (p) 47, 630. 

Electric winding in main shafts. (P) 36, 499. 

Electrical equipment of collieries. (p) 36, 513, 522. 

MOUNTFORT, L. F. Electrical undertaking of the Birmingham Tame and 

Rea District Drainage Board. (р) 47, 200. 
Moving-coil ballistic galvanometer. W. G. Sma and M. ПохевАК. (Ref) 
32, 1160. 

MozLEY, Н. Overhead equipment of tramways. (р) 87, 193. 

Морғовр, F. J. Setting type by telegraph. (р) 34, 603. 

Multiple control on Mersey Railway. H. L. KIRKER. (P) 33, 979. 

telephone switchboards. W. AITKEN. (P) 32,795. 

Munro, D. S. Earthing. (р) 38, 144. 

Munro, Н. D. Incandescent lamps. (p) 38, 245. 

Munro, J. Distributing mains. (р) 31, 865. 

Мохво, J. M. M. Earthing. (р) 35, 131. 

Education of an electrical engineer. (p) 38,615. 

Inaugural address as Chairman of Glasgow Local Section. 36, 166. 

Мовросн, W. Н. F. Determination of losses in motors. (р) 39, 480. 

Magnetic properties of iron and its alloys in intense fields, (р) &, 
287. ` 

Magnetic testing of iron. (P) 40,137. 

Murpuy, L. Heating of magnet coils. (р) 38, 415. 

Murray, D. Award of premiums. 38, 550; 47, 826. 

Practical aspects of printing telegraphy. (») 47, 450. 

Setting type by telegraph. (р) 34,555. 

Murray, E.T. К. Steam-power plants. (р) 34,379. 

Museum, Reports. 31, 1840; 41, 825; 43, 790; 47, 834. 

Myran, W. F. Electrification of steam-driven non-reversing rolling mills. 
(P) 48, 488. 

Heating of motors. (p) 41, 504. 

Plans and records for distribution systems. (D) 42, 596. 

Turbo-generators. (р) 40, 273. 


N. 

Naco, E. Obituary notice. 43, 825. 

NaLpER, F. Н. Direct-reading measuring instruments. (р) 33, 674. 

NaPrIER, W. "Telephone traffic. (р) 38, 316. 

National Physical Laboratory. Appointment of К. K. Gray as tbe 
Institution Representative on the General Board of the N.P.L. 
32, 1197. 

Physical Laboratory, visit to. 33, 1188; 85, 557. | 

Navigation, work of Lord Kelvin in. J. A. EwiNG. (Second Kelvin 

Lecture). 44, 556. 

NErACHELL, E. J. Rail corrugation. (p) 89, 24. 

NEALE, J. Obituary notice. 31, 1368. 

NEALE, J. E. Obituary notice. 47, 865. 

NEALE, В. Е. Award of Salomons Scholarship. 89, 749. 

NrEDHAM, Н. H. Metallic filament lamps. (р) 44, 200. 
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NEELE, C. W. Electrical power in warehouses and docks. (p) 41, 30. 

NxiLSON, R. M. Equitable charges for tramway supply. (D) 44, 638. 

Most economical vacuum in electric power stations employing steam 
turbines and cooling towers. (P) 44, 675. 

NELSON, P. J. Obituary notice. 37, 440. 

Nernst lamp. J. SrórTNER. (P) 82, 520. 

lamp tests. R.P. Ногѕе. (P) 31, 1180. 

- lamp tests. Н.Е. HAwonTH, T. Н. MaATTHEWMAN, and D. Н. OGLEY. 
(P) 38, 350. 

Network tests and station earthing. A. M. TavLoR. (р) 32, 872. 

Networks, localisation of faults on low-tension. W. E. Groves. (P) 31, 1029. 

low-tension ; comparison of 1-, 2-, and 8-phase systems for feeding. 
M. В. Fievp. (р) 31, 188. 

Neutrals, earthed versus insulated, in colliery installations. W. W. Моор. 
(P) 48, 559. 


New York electric light and power schemes. P. S. Ѕнвлвромх. (Ref) 38, 587. 


NEwBiIGGING, J. G. Street lighting. (р) 36, 218. 

NEWINGTON, F. A. Cost of electrical power. (p) 40,379. 

Distributing mains. (p) 34, 860. 

Earthing. (р) 38, 182. 

Street lighting. (p) 34, 740. 

Refuse destructors. (p) 43, 673. 

Newitt, L. Support and protection of inside conductors. (р) 32,8106. 

Newron, M. F. Plans and records for distribution systems. (р) 42, 597. 

NicHOLsOoN, F. H. Steam power plants. (p) 34, 383. 

NicHoLsoN,J. 8. Award of premium. 38, 551. 

Commutation. (D) 38, 184. 

Induction motors. (р) 41, 706. 

Interpole designs. (р) 43, 520. 

Parallel working of alternators. (p) 47, 308, 310. 

NICHOLSON, J. S., and HENDERSON, J. B. Armature reaction in alternators. 
(Р) 34, 465. 

NicornsoN, J. Obituary notice. 48, 772. 

NisBETT, G. H. Dielectric strength of insulating materials. (p) 40, 34. 

Long-distance transmission lines. (p) 82, 922. 

Nitric acid production by electric discharge. W. Cramp and B. Ноте. 
(Р) 42,297. 

NoBLE, Sir A. Metrical system of weights and measures. (p) 32, 803. 

NoBLE, W. Practical aspects of printing telegraphy. (p) 47, 522. 

Nodon valve. E. W. Moss. (P) 39,692. 

Non-inductive resistances for precision alternating-current measurements. 
C. C. Paterson and E. H. Rayner. (Р) 42, 455. 

Non-reversing rolling mills, steam-driven, electrification. W. F. MvLaw. (р) 
43, 488. 

Non-salicnt pole turbo-alternator characteristics. S. Р. SMITH. (P) 47, 562. 

Ковтн, G. Electricity meters and meter testing. (р) 47, 98. 

Switchgear and relays. (p) 41, 626. 


O. 


Obituary notices. 31, 1365; 32, 1146; 33, 1211; 38, 579; 37, 437; 39, 786 ; 


41, 868 ; 43, 821; 45, 769; 47, 862. 
O’Brien, H. E. Electrical system of the L.C.C. tramways. (р) 48, 311. 
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O’Brien, Н. E. (continued). Repulsion motors. (р) 36, 653. 

Observatories, protection of, from stray currents. E. B. WrpwonE. (P) 31, 576. 

O'DELL, G. F. Award of David Hughes Scholarship. 37, 387. 

Oauey, D. H., Hawortu, Н. F., and MarrHuEewMaw, T. H. Life tests of 
incandescent lamps using alternating currents. (Р) 38, 350. 

O'GonMaN, M. Cable manufacture. (р) 31, 559. 

Dielectric strength of insulating materials. (p) 40, 57. 

Elected Member of Council. 37, 414. 

Flexibles. (р) 39, 108. 

Oil engines. А. Ј. J. PFEIFFER. (Р) 43,507. 

engines, electric ignition of. J. W. Warr. (P) 44, 134. 

Oils, switch and transformer. W. P. DiaBv and D. B. MELLIs. (Р) 45,165. 

OLDHAM, JAMES. Appointed Local Honorary Secretary for Uruguay. $2, 
1125. 

OLDHAM, JOHN. Obituary notice. 48, 772. 

OrssoN, M. C. Steam turbines. (р) 33,889. 

Огукв, G. T. W. Dip of copper wire. (р) 31, 431. 

O'MEgARA, W. A.J. Elected Member of Council. 41, 850. 

Elected Vice-President. 47, 860. 

Practical aspects of printing telegraphy. (p) 47, 516. 

Submarine cables for long-distance telephon? circuits. (P) 46, 309. 

Telephone relay. (р) 48,617. 

Telephonic transmission measurements. (D) 39,597. 

Manufacture of electrical condensers. (р) 41, 568. 

Use of wooden poles for overhead power transmission. (p) 39, 338. 

OPPENHEIMER, H. Manufacture of electrical condensers. (p) 41, 570. 

Ondograph. E. HOSPITALIER. (P) 33, 75. 

Optical work, electromagnet for. А. Gray. (Ref) 31, 1370. 

Organisation and the reduction of manufacturing costs. A. R. STELLING. 
(Р) 47, 811. 

OnsETTICH, R. Eddy-current brakes. (р) 38, 469. 

Extending the limits of power transmission. (р) 43, 443. 

Heating of magnet coils. (р) 38, 415. 

Methods and practice in the German electrical industry. (р) 44, 334. 

Present aspect of electric lighting. (p) 44, 92. 

— Standardisation of electrical machines. (р) 88, 132. 

Testing alternators. (р) 42, 214. 

Torque conditions in alternate-current motors. (р) 40, 216. 

Orton, W. J.P. High-tension switchgear. (p) 34, 460. 

Switchgear and relays. (p) 41, 626. 

OSBORNE, M. Lighting and driving textile mills by electricity. (P) 31, 1273. 

OscHwALD, W. A. Determination of losses in motors. (р) 39, 480. 

Oscillations at critical speeds, breaking of shafts from, in direct-coupled 

units. J. FRrTH and E. Н. Lams. (Р) 31, 646. 

in alternators. G. W. WORRALL. (P) S9, 206. 

—— ——— magnetic, in alternators. G. W. WORRALL. (P) 40, 413. 

magnetic, in direct-current machines. (t. W. WORRALL. (р) 48,4190. 

Oscillograms, resonance in electric circuits, studied by aid of. M. B. FIELD. 
(P) 32, 647. 

Oscillograph. Р. K. Morris and J. К. CarrEngsSON-SMrrH. (p) 83, 1019. 

tests at Bow works. W. H. PATCHELL. (Р) 36, 101. 

Oscillographs. J.T. Inwin. (ь) 39, 617. 
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Овмохр, F. Magnetic properties of iron in intense fields. (р) 46, 292. 

OTTER, F. L. Award of David Hughes Scholarship. 47, 825. 

Output of dynamo-electric machinery. J. C. MACFARLANE and Н. BURGE. 

(Р) 42, 232. 

Overhead construction; dip of copper wire. О. BURNE. (р) 31,420. 

equipment of tramways. В. N. TwEEpy and Н. DupGEow. (P) 37,161. 

line construction. W. B. Моорносве. (P) 44,802. 

lines, high-tension transmission of electrical energy on. E. W. 
MARCHANT and E. A. Watson. (Р) 44, 423. 

mains for electric distribution. G. L. ADDENBROOKE. (р). 34, 511. 

power transmission, wooden poles for. C. WADE. (P) 39, 304. 

Owens, R. B. Appointed Local Honorary Secretary for Canada. 31, 1337. 

Owens College, address to, re jubilee of College. 31, 777. 


P. 
PaciNOTTI, A. Elected Honorary Member, 1902. 31, 1090. 
Letter on his election as Honorary Member. ‘31, 1090. ` 


Packing of plant for the tropics. P. BrRümL. (р) 32,1089. 

Pace, F. H., and Hiss, Е. J. Direct-current design as influenced by inter- 
poles. (P) 39,570. 

Pace, G. W. P. Award of David Hughes Scholarship. 48, 731. 

Award of premium. 47, 826. 

Pace, G. W. P., and Scorr, G. J. Single-phase commutator motors, especi- 
ally the Latour-Winter-Eichberg type. (P) 47,779. 

PALMER, А. L. H. Elected Acting-Local Hon. Secretary for India. 31, 1338. 

PaNTON, J. A. Rail corrugation. (р) 89,8. 

Panton, J. E. Electricity supply in bulk. (p) 34, 910. 

Papers, procedure relating to. 40, 5. 

new procedure relating to the reading of. 41, 816. 

Parallel operation of alternators. Е. ROSENBERG. (P) 42, 524. 

working of alternators. J. R. Barr. (Р) 47, 276. 

Paris, E. A. Electricity supply in small towns and villages. (р) 32, 1031. 

Regenerative control. (p) 38, 389. 

PARKER, T. Metrical system of weights and measures. (p) 32, 300. 

PaRKER, W. Direct-current turbo-generators. (р) 40, 643. 

High-speed electrical machinery. (р) 41, 311. 

Pann, G. D. A. Commercial aspect of electric power supply. (р) 40, 448. 

Deterioration of secondary cells. (P) 36, 406. 

Extra-high-pressure transmission lines. (p) 46, 659. 

—— Heating of motors. (р) 41, 503. 

Inaugural address as Chairman of Leeds Local Section. 40, 104. 

Overhead line construction. (р) 44, 820. 

Rectifiers. (p) 386, 634. 

Parry, E. Earth currents from distributing systems. (p) 31, 593. 

PARSHALL, H. F. Speech in presenting bust of Benjamin Franklin. 41, 398. 

Parsons, Hon. C. A. Elected Honorary Member, 1909. 42, 472. 

High-speed electric railways. (p) 33, 925. 

Parsons, Hon. C. A., Stoney, G. G., and Martin. C. P. Steam turbine as 
applied to electrical engineering. (P) 33, 794. 

Parsons, Hon. G. L. Steam turbine. (Ref) 33, 1219. 

Parsons, T. C. Depreciation. (р) 39, 292. 
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Parsons, Т. C. (continued). Cost of electrical power. (р) 40,382. 

Parsons steam turbine. W. CHILTON. (P) 33, 587. 

Partially insulated systems and their potential. M. B. FIELD. (р) 41, 200. 

PARTRIDGE, С. W. Cost of electrical power. (D) 40, 345. 

Design of turbo field magnets. (p) 46, 857. 

— —— Elected Member of Council. 37, 414. 

Electrical system of the L.C.C. tramways. (р) 43, 307. 

ParcHELL, W. H. Appointed representative of the Institution on the 

Organising Committee of the International Mining Conference. 
87, 391. 

——— Appointed Representative of the Institution to assist the Home Office 
in the preparation of the regulations for the use of electricity in 
factories and workshops. 87, 399. 

Arc lamps. (р) 87, 86. 

City and South London Railway three-wire system. (D) 33, 183. 

City of London works of the Charing Cross, West End, and City 
Electricity Supply Company. (р) 36, G6. 

— ——- Cost of electrical power. (p) 40, 329. 

— — Dielectric strength of insulating materials. (p) 40, 37. 

Direct-reading measuring instruments. (р) 33, 682. 

Driving of winding engines by induction motors. (p) 47, 629, 637. 

Earthed versus insulated neutrals in colliery installations. (р) 45, 569. 

———— Edison accumulator. (р) 33, 232. 

-— —- Elected Member of Council. 39, 781. 

— —— Elected Vice-President. 88, 1209; 48, 764. 

Electrical driving in works. (p) 32, 1000. 

Electrical system of the L.C.C. tramways. (p) 48, 317. 

Electric winding in collieries. (p) 36, 538. 

Fuse phenomena. (p) 41, 83. 

High-speed electric railways. (p) 33, 925. 

Hydro-electric installations of Sweden. (D) 48, 474. 

Laying and maintenance of transmission cables. (p) 47, 340. 

Life tests of lamps. (р) 38, 367, 370. 

Magnetic properties of iron and its alloys in intense fields. (р) 46, 289. 

Motor load development. (р) 38, 271. 

Parsons steam turbine. (p) 38, 829. 

——— Photometry of electric lamps. (р) 82, 206. 

Power station design. (p) 33, 779, 788. 

Profitable sale of electricity. (р) 31, 490. 

Protective devices for high-tension transmission circuits. (р) 4) 
523, 524. | 

— —— Report of visit to Germany, 1901. (p) 31, 549, 571. 

Testing electrical machinery. (р) 38, 63. 

Transmission by direct current. (0) 38,513. 

Paterson, C. C. Award of premiums. 32, 1121; 39, 750; 43, 780. 

Dielectric strength of compressed air. (p) 48, 131. 

--— Dielectric strength of insulating materials. (р) 40, 40. 

—— —— Electricity meters and meter testing. (р) 47, 91. 

Fuse phenomena. (р) 41, 36. 

- ——- Heating of cables with current. (р) 47, 741. 

— —— Incandescent lamps. (p) 38, 233. 

Life tests of lamps. (p) 38, 367. 


PAT—PEC 98 


PATERSON, C. C. (continued). Light standards and high-voltage glow lamps. 
(r) 38, 271. 

— —— Magnetic dispersion in induction motors. (р) 33, 292. 

Metal filament lamps. (p) 41, 663. 

PATERSON, C. C., and Rayner, E. Н. Non-inductive water. cooled standard 
resistances for precision alternating-current measurements. (P) 42, 455. 

Paterson, C. C., and RvssELL, A. Sparking in switches. (P) 31, 1201. 

PaTTERSON, G. W. Units. (p) 34,225. 

PATTERSON, G. W., and CarHart, Н. S. Absolute value of the E. M.F. of the 
Clark and the Weston cells. (r) 34, 185. 

PaTTERSON, T. Interferences and perturbations in wireless telegraphy. (р 
47, 162. 

Pay sheet. R. B. MaccaALL. (e) 39, 187. 

Peacock, A. D. Award of David Hughes Scholarship. 48, 731. 

PEARCE, S. L. Battery economics discharge arrangements. (p) 47, 434. 

Direct-current turbo-generators. (p) 40, 689. 

Elected Member of Council. 39, 784; 48, 764. 

Electrical driving of textile factories. (р) 40, 177. 

Electric traction vagabond currents. (p) 48, 476. 

Equitable charges for tramway supply. (р) 44,621. 

Gas engines for generating electric power. (р) 43, 87. 

— High-tension switchgear. (p) 34,460; 31, 1264. 

——— Idle currents. (р) 37, 116. 

—— —— Inaugural address as Chairman of Manchester Local Section. 36, 174. 

—— Lifts and hoists. (р) 37, 261. 

— Motor converters. (p) 43, 413. 

——— Rotary converters and motor-generators. (p) 38, 437. 

Single-phase railway motors. (р) 36, 652. 

Storage batteries. (p) 37, 239. 

Street lighting. (p) 36, 210. 

Street lighting by modern electric lamps. (р) 46, 70. 

— ——- Transmission of electrical energy at high tensions on overhead lines. 

(D) 44, 455- 

Pearce, S. L., and Gunton, H. C. Manchester tramways power supply. 
(Ref) 38, 588. 

Pearson, A. Electrical undertaking of the Birmingham Tame and Rea 
District Drainage Board. (p) 47, 228. 

Pearson, G. Cost of electric power. (р) 40, 352. 

Pearson, T. Interpole designs. (p) 48, 524. 

Peck, J. S. Award of premiums. 41, 819; 43, 785. 

Balancers for three-wire systems. (p) 48, 124. 

Control of electric winding and hoisting engines. (p) 46, 454. 

Direct-current turbo-generators. (р) 40, 642. 

— —— Earthed versus insulated neutrals in colliery installations. (р) 45, 580. 

Electric braking on the Glasgow tramway system. (p) 48, 418. 

Electric heating as applied to cooking apparatus. (p) 47, 271. 

Electric traction vagabond currents. (p) 43, 478. 

Extra-high-pressure transmission lines. (p) 46, 594, 647. 

—— —— Flywheel load equalisers. (р) 43, 174. 

—— —— Flywheel storage systems. (р) 39, 428. 

Idle currents. (р) 37, 118. 

Inaugural address as Chairman of Manchester T,ocal Section. 46, 92. 
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Peck, J. S. (continued.) Insulation tests. (p) 34, 709. 

Magnetic oscillations in alternators. (n) 40, 426. 

— ——- Methods and practice in the German electrical industry. (р) 4, 321. 

Motor converters. (p) 43, 407. 

Parallel operation of alternators. (p) 42, 567. 

Physical properties of switch and transformer oils. (p) 48, 205. 

Power factor in alternating-current systems. (p) 42, 620. 

Protective devices for high-tension transmission circuits. (P) 40, 198. 

Rotary converters and motor-generators. (p) 38, 443. 

Selection of turbo-alternators. (р) 42, 181. 

Testing electrical machinery. (p) 38, 66. 

Transformers. (p) 42,398. 

Transmission by direct current. (р) 38, 526. 

Transmission of electrical energy at high tensions on overhead lines. 
(D) 44, 455. 

PrErncE, A. W. K. Obituary notice. 43, 825. 

PELL, F. B. Overhead equipment of tramways. (р) 37, 210. 

PENSABENE-PEREZ, N.  Non-salient pole turbo-alternator and its charac- 
teristics. (р) 47, 603. 

Periodic variations in the magnetic field of a three-phase generator. G. W. 
WonRRALL and T. F. WaLL. (P) 37, 148. 

Peripheral speeds, high, collection of current at. P. J. CorTLE and J. А. 
RUTHERFORD. (P) 48,679. 

Permanent way for tramways. J. Говро. (P) 34, 777. 

Permeameter for testing materials in bulk. С. V. DRYSDALE. (р) 31, 283. 

PÉRoNNE, Р. E. Award of Salomons Scholarship. 39, 749. 

Perrine, F. A. C. Obituary notice. 43, 826. 

PERRY, JAMES. Irish water-power. (р) 31, 1164. 

Perry, JOHN. Alternating-current railway motors. (р) 34, 244. 

Permeameter for testing in bulk. (p) 31,318. 

Telephone relay. (p) 48, 613. 

Units. (D) 34,218. 

Units and standards. (p) 38, 35. 

Perturbations in wireless telegraphy. J. E. TAYLOR. (P) 47, 119. 

PEscETTO, F. Obituary notice. 33, 1212. 

PETAVEL, J. E. Photometry of electric lamps. (р) $2, 209. 

PETAVEL, J. E., and HuTTON, В. S. High-temperature electrochemistry and 
experimental and technical electric furnaces. (P) 32, 222. 

PETTIFOR, P. G. Magnetic properties of carbon-tungsten steels. (р) 42, 679. 

PFEIFFER, А. J.J. Economics of medium-sized power stations, (р) 48, 567. 

Phenomena of commutation. Е. G. Batty and W. S. Н. CrEGHORNE. (P) 
38, 150. 

PHILLIPS, А. L. Obituary notice. 47, 866. 

PHILLIPS, W. Alternate-current instruments. (р) 41, 271. 

Photometer, flicker, use of, for differently coloured lights. H. Morris- AIREY. 
(Р) 44, 177. 

Photometry. С. О. Bastian. (Ref) 37, 443. 

Н. T. Harrison. (Ref) 39, 793. 

—— —— С. C. Paterson. (P) 38, 271. 

-—— and standards. See under Lamps and Lighting (Photometry and 

Standards). 
of electric lamps. J. A. FLEMING. (P) 32, 119. 
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Physical properties of certain aluminium alloys, and some notes on aluminium 
conductors. E. WirLsoN. (р) 31, 321. 

properties of materials. See under Properties of Materials (Physical). 

properties of switch and. transformer oils. W. P. Раву and D. B. 
MELLIS. (P) 48, 165. 

Рісквтоме, M. T. Education of an electrical engineer. (р) 38, 614. 

Three-phase high-voltage electric railways and the Valtellina Railway. 
(Ref) 32, 1161. 

PrERcE, В. C. Present aspect of electric lighting. (р) 44, 76. 

Pica, J. Automatic cab-signalling on locomotives. (р) 40, 62. 

Electrical power in warehouses and docks. (D) 41,84. 

Extra-high-pressure transmission lines. (Dp) 46, 643. 

Inaugural address as Chairman of the Newcastle Local Section. 
40, 112. 

— Railway block signalling. (P) 32, 601. 

— ——- Railway signalling. (р) 42, 140. 

Train-lighting. (р) 39, 158. 

Tuition of electrical engineers. (Ref) 38, 1219. 

PiLKrINGTON, B. A. Earthing. (р) 38, 136. 

PinprrcH, G. F. Depreciation. (р) 39, 298. 

Domestic electricity supply. (D) 42, 75. 

Electric lighting of Rathmines. (Ref) 32, 1160. 

Electricity supply as affected by metal filament lamps. (р) 41, 379. 

— Gas engines for electric power. (p) 43, 83, 85. 

Inaugural address as Chairman of the Dublin Local Section. 42, 
115. 

Point controllers for electric tramways. (D) 44, 483. 

Refuse destructors. (p) 43, 684. 

PLAcEÉ, J. Depreciation. (р) 39, 291. 

Plans and records for electrical distribution systems. J. W. BEAUCHAMP. 

(Р) 42, 575. 

Plant, auxiliary, steam v. electrically driven. С. D. ТАттЕ and R. S. Downe. 
(P) 32, 1050. 

preservation and packing of for and in the tropics. P. BRÜHL. (P) 
82, 1089. 

Plants, isolated electrical. К. О. PLowMaAN. (Р) 48, 649. 

PrLowxaN, R. C. Award of premiums. 48, 732; 47, 827. 

Isolated electrical plants. (P) 48, 649. 

PrLowMAaN, R. C., and HETHERINGTON, E. F. Exhaust steam turbines. (р) 

47, 798. 

PLUMMER, T. Telephones. (р) 44, 419. 

PocHiN, Е. A. М. Wireless telegraphy measurements. (p) 388, 360. 

Росквом, M. J. H. Pumping plant. (р) 42, 638. 

Рон, R. Design of turbo field magnets. (р) 45, 367. 

‘Development of turbo-generators. (P) 40, 239. 

Extra-high-pressure transmission lines. (p) 46, 660. 

German wiring rules. (p) 44, 194. 

High-speed electrical machinery. (р) 41, 318. 

Interpoles. (р) 39, 608. 

Output of dynamo-electric machinery. (р) 42, 289. 

———— Rating and testing of motors for intermittent working. (Р) 45, 

216. 
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Point controller, an improved type of. for electric tramways. J. P. ТтЕВХЕҮ. 
(г) 44, 470. 
shifter in use on the Dublin United Tramway Companv's electric 
system. J.P. Tierney. (Ref) 35, 587. 
Pole-shoe losses. Т. F. WaLL and S. P. SuirH. (р) 40, 577. 
Poles, wooden, for overhead power transmission. C. Wape. (р) 39,304. 
Polyphase alternators and their manufacture. Е. К. Scott. (P) $2, 408. 
induction motors. G. STEVENSON. (P) 44, 676. 
induction motors and their rotating field irregularities. С. Е. Ѕмтн. 
(P) 46, 182. 
Pook, А. H. Packing of plant for the tropics. (р) 302, 1045. 
Pootry, Е. Electricity supply in bulk. (р) 81,916. 
Insulation of cables. (p) 36, 143. 
Long-distance transmission lines. (р) $2, 921. 
Overhead transmission. (p) 34, 538. 
PonrE, A. E. Domestic electricity supply. (p) 42, 77. 
Electrical system of the L.C.C. Tramways. (p) 48, 350. 
Electricity supply as affected by metal filament lamps. (р) 41, 
880. 
——— Humming telephone. (p) 31, 395. 
— Suction producer plant. (P) 38,607. 
Utilisation of water-power. (р) 81, 1163. 
Porte, Е. С. Steam turbines. (P) 33, 867. 
PorRTELLI. Obituary notice. 43, 826. 
Porter, А. W. Heating of cables with current. (р) 47, 739. 
PonTER, C. T. Metrical system of weights and measures. (р) 32, 315. 
Porter, G. L. Earthed versus insulated neutrals in colliery installations. 
(n) 48, 584. 
—— —— Extra-high-pressure transmission lines. (р) 46, 645. 
—— —— Laying and maintenance of transmission cables. (р) 47, 363. 
Static sub-station design. (p) 46, 488. 
Porter, R. Award of premium. 43, 785. 
Electrolytic corrosion. (D) 41, 487. 
Parallel operation of alternators. (р) 42, 567. 
PonTER, R., and ANDREWS, L. Gas engines for generating electric power. 
(Р) 48, 3. 
PorTHEIM, В. 8. Overhead transmission. (р) 34, 584. 
Potential of partially insulated systems. М. B. FIELD. (р) 41, 200. 
Potentiometer, use of, in measuring temperature of flue and furnace gases. 
W. А. Price. (Ref) 32, 1161. 
PowELL, Р. Н. Air-gap correction coefficient. (P) 40, 22S. 
Award of premium. 38, 550. 
PowELL, P. H., HELE-SHAw, Н. S., and Hay, A. Magnetic flux in toothed- 
core armatures. (P) 34, 21. 
Power companies and the development of electrical driving in factories. 
J. S. HIGHFIELD. (Ref) 32, 1161. 
factor in alternating-current systems. M. WALKER. (P) 42, 599. 
generation by gas. F. W. BunsTALL. (Ref) 32, 1160. 
generation by gas. F. H. Bowman. (Ref) 38, 587. 
generation by large gas engines. L. ANDREWS and R. Porter. (Р) 
43, 8. 
supply companies, statistics of, in England and Wales. 44, 37. 
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POWER STATIONS. 
| Costs, Tariffs, Policy, and Finance. 

Principles underlying the profitable sale of electricity. A. WRIGHT. 81, 441. 

Supply of electricity in bulk. Н. A. EARLE. 31,881. - 

Influence of sub-station equipment and transmission line on the cost of 
electricity supply. А. STEWART. 31,1122. | 

Electrical legislation and finance. H. W. Hawpcock. (Ref) 31, 1871. 

Motive power supply from central stations. R. A. Снаттоск. 32,621. 

Electricity supply for small towns and villages. A. B. Mountain. 82, 1017. 

Station notes. C. TURNBULL. (Ref) 32,1161. 

Should electric supply undertakings advance motors on the hire or 
hire-purchase systems? S. E. Bnrrrow. (Ref) 83,1218. | 

Methods of charging for electrical energy. E. H. ORAPPER. (Ref) 38, 1219. 

Standby charges and motor-load development. A. M. TAYLOR. 35, 227. 

Economic considerations in the employment of storage batteries. 
J. R. SALTER. 37, 228. 

Cost of electricity per unit from private electrical plants. W. HARTNELL. 
(Ref) 37, 443. 

Stores and cost-keeping for electricity supply undertakings. D. 
DENHOLM. 39, 164. і 

The pay-sheet. К. B. Maccarr. 39, 187. 

Depreciation. R. HAMMOND. 39, 270. 

Central station supply economics. А. M. TAYLOR. 39, 364. 

Cost of electrical power for industrial purposes. J. F. C. SNELL. 
40, 288. 

Commercial aspect of electric power supply. W. B. WOODHOUSE. 
40, 432. 

Electricity supply prospects and charges as affected by metallic filament 
lamps and electric heating. H. W. Hanpcock and A. Н. DyKes. 
M, 232. 

Domestic electricity supply as affected by tariffs. W. R. COOPER. 42, 26. 

Plans and records for electrical distribution systems. J. W. BEAUCHAMP. 
42, 575. 

Economics of medium-sized power stations. A.J.J. PFEIFFER. 43, 567. 

Isolated electrical plants. R.C. PLowMAN. 48, 649. 

Power company's testing department. Е. FAwssETT. 47, 752. 


Fuel, Boilers, and Feed-water. 


Feed-water for boilers. C.J. WErrs. (Ref) 31, 1370. 
Steam boilers. C. E. SrRoMEYER. (Ref) 31, 1870. 
Electricity from refuse. W. Е. GoopnRicH. (Ref) 32, 1161. 
Coal consumption in central stations. A. S. GILES. (Ref) 33, 1219. 
Fuel economy in steam-power plants. W. H. BoorH and J. B. C. 
Kersyaw. 34, 329. 
Condensing arrangements in central stations. J. D. BAILLIE. 34, 491. 
Softening and purification of water for steam raising. L. 4. LE CLAIR. 
(Ref) 85, 587. 
Power gas. Е. Н. Bowman. (Ref) 88, 587. 
Coal testing. J. HoLLIDAY. (Ref) 37, 443. 
Destructors and their by-products. F. L. Watson. (Ref) 37, 448. 
Fuel economy. Н. B. MaxwELL. (Ref) 89, 792. 
Examination of water by electrical methods. W. P. Digsy. 48, 541, 
| 7 
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POWER STATIONS (continued) — 
Installations. 
Relative advantages of 3-, 2-, and 1-phase systems for feeding low-tension 
Networks. M. B. FIELD. 31, 138. 
Comparison between steam and electrically driven auxiliary plant in 
central stations. О. D. Tarre and R. S. Downe, 31, 1050. 
Irish water-power and its electrical development. №. Ta4TLow. 31, 1146. 
Electrical power supply on the N.E. Coast. C. S. V. Brown. (Ref) 
31, 1371. 
Continental power-house equipment. H. L. RisELEv. 32, 853. 
Electrical generating stations of the future. A. W. WHIELDOS. 
(Ref) 32, 1160. 
Electric lighting of Rathmines. G. F. Pitpitcn. (Ref) 32, 1160. 
Three-phase working. W. Brew. 38, 590. 
Power station design. C. H. Merz and W. McLErLa4w. 33, 696. 
Supply of electricity to small towns. T. TowriNsoN. (Ref) 33, 1218. 
Destructor and electricity stations in small towns. S. D. SCHOFIELD. 
(Ref) 33, 1219. 
The combination of dust destructors and electricity works economically 
considered. W. P. ApaMs. 34, 256. 
Equipment of the Chelsea generating station. R. C. CHAFFER. 35, 537. 
Running of private power plants. P. T. BrLissEeTT. (Ref) 35,587. 
Electric light and power schemes in New York. P. S. SHEARDOWN. 
(Ref) 35,587. 
Manchester tramways power supply. Н. С. Gunton and S. L. РЕАВСЕ. 
(Ref) 38, 587. 
City of London works of the Charing Cross, West End, and City 
Electricity Supply Company, Limited. W. Н. PatcHELL. 36, 66. 
Three-phase electric power transmission at the Cape explosive works. 
R. S. MaNsEL. 38, 599. 
Equipment of steam turbine generating stations. R. J. Kautra. 39,729. 
Design of switchgear for the Summer Lane generating station. J. E. 
WOODBRIDGE. (Ref) 39,792. 
Power station design and operation. Е. P. HorLis. (Ref) 39, 794. 
Electricity works and refuse destructors. J. A. ROBERTSON. 43, 651. 
Hydro-electric installations of Sweden. A. V. CLAYTON. 45, 442. 
Static sub-station design. P. V. HUNTER. 46, 462. 
Power transmission, extending the limits of. А. М. TAYLOR. (р) 43, 424. 
transmission, high-tension, on overhead lines. Е. W. MaRcHaNTand 
E. A. Watson. (P) 44, 423. 
transmission, long distance. W.T. TavLom. (P) 46, 510; 47, 167. 
Power transmission. See also under Distribution. 
Practical aspects of printing telegraphy. D. Murray. (р) 47, 450. 
Precision alternating-current measurements. С. C. PATERSON and E. Н. 
RAYNER. (P) 42, 455. 
PREECE, Sir W. Н. America revisited, 1907. 41, 107. 
Appointed Representative of the Institution at the Franklin Bicen- 
tenary celebration. 37, 390. 
Appointed Representative of the Institution at the opening ceremony 
of the Engineering Societies’ Building, New York. 39, 757. 
— High-speed railway car of the A.E.G. (р) 31, 66. 
—— Metrical system of weights and measures. (р) 32, 307. 
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Premiums, award of, for 1901-2. 31, 1839; 1902-3. 82, 1121; 1903-4. 88, 
1188; 1904-5. 88, 550; 1905-6. 37, 387; 1906-7. 39, 750; 1907-8. 
41, 819; 1908-9. 43, 785; 1909-10. 45, 731; 1910-11. 47, 826. 

Premiums, revised list of, for 1910-11 and future years. 47, 825. 

PRENTICE, F.C. Award of premium. 37, 387. 

Award of Salomons scholarship. 988, 549. 

PRENTICE, Е. C., and WESTERDALE, J. S. Efficiency of lamp globes. (P) 37,359. 

Present aspect of electric lighting. Н. W. Hanpcock and A. Н. Dykes. 
(Р) 44, 57. 

Present position of electric traction on main lines in Europe. J. B. SPARKS. 
(P) 47, 816. 

Preservation of plant in the tropics. Р. Вабні. (P) 32, 1089. 

Preston, G. F. Telephone traffic. (р) 88, 314. | 

Price, S. L. R. Refuse destructors. (p) 48, 686. 

Prick, W. A. Direct.reading measuring instruments. (p) 33, 671. 

Use of potentiometer in measuring temperature of flue and furnace 
gases. (Hef) 32,1161. 

Primary battery, the Benkö. W. R. CooPER. (P) 46, 741. 


PRIME MOVERS. 


Internal Combustion Engines. 

Large gas engines for driving electric generators. A. R. BELLAMY. 
(Ref) 31, 1370. 

Power transmission by gas. Е. W. BunsTALL. (Ref) 82, 1160. 

Gas engines for electric lighting. H.B.Granam. (Ref) 32, 1160. 

Gas power. J. E. Dowson. 38, 342. 

Power gas. F.H. Bowman. (Ref) 38,587. 

Gas engines for central stations. Н. CAMPBELL. (Ref) 88,587. 

Gas producer plant for electric generating stations. W. J. U. SOWTER. 
(Ref) 37, 448. 

Gas engines as applied to electric driving. J. ATKINSON. (Ref) 37, 444. 

Electric ignition for motor-cars. F. LITTLE. (Ref) 37, 444. 

Suction producer plant. А. E. Porte. 38, 607. 

Suction gas engines and gas plants. Н. CAMPBELL. (Ref) 39,793. 

Use of large gas engines for generating electric power. L. ANDREWS and 
R. Porter. 43, 3. 

Electric ignition of internal combustion engines. J. W. Warr. 44, 134. 


Steam Engines (including Turbines). 

Comparison between steam and electrically driven plant in central 
stations. C. D. Tarte and R. S. Downe. 332, 1050. 

Generation of high-voltage electricity by exhaust steam. M. MACLEAN. 
(Ref) 32,1160. ` 

The steam turbine. W.CHILTON. 33, 587. 

The steam turbine as applied to electrical engineering. The Hon. C. A. 
Parsons, G. C. Stoney, and C. P. Martin. 33, 794. 

Steam turbines. Е. С. Porre. 38, 867. 

The steam turbine. The Hon. G. L. Parsons. (Ref) 33, 1219. 

Condensing arrangements in central stations. J.D. BarrrE. 94, 491. 

The measurement of vacuum. С. TURNBULL. (Ref) 88, 588. 

Utilisation of exhaust steam for electric driving. С. S. RICHARDS. 48, 752. 

Àn investigation as to the most economical vacuum in electric power 
stations employing turbines and cooling towers. R. M. Nritson, 4,675. 
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PRIME MOVERS—Steam Engines (including Turbines) (continued)— 

Exhaust steam turbines. R. О. Puowman and E. F. HETHERINGTOS, 
47, 798. 

PRINGLE, P. J. Central station economics. (р) 389,400. 

Motor-load development. (р) 38, 262. 

Overhead equipment of tramways. (p) 37, 195. 

Printing telegraph, automatic. D. Murray. (P) 34, 555. 

telegraphy. D. Murray. (P) 47, 450. 

Private electrical plants. W. HARTNELL. (Ref) 87, 443. 

lighting and power plant. P. T. Buisserr. (Ref) 38, 587. 

Problems of electric railways. J. SWINBURNE and W. R. Cooper. (р) 31,972. 

Proctor, C. F. Electrical power in warehouses and docks. (p) 41, 33, H. 

Electricity in shipyards. (p) 33, 858. 

Experiments on eddy-currents. (p) 38, 560. 

Inaugural address as Chairman of Newcastle Local Section. 46, 98. 

— ——- Regulating impedance coils. (Ref) 38, 1219. 

Support and protection of inside conductors. (p) $2, 851. 

Use of the flicker photometer for differently coloured lights. (р) 44, 180. 

Proctor, Н. F. Elected Member of Council. 48, 764. 

Producer plant. A. E. Ровте. (р) 38, 607. 

Professional conduct, rules for, adopted by Council. 48, 734. 

Production of nitric acid. W. CRAMP and B. HoYLE. (р) 42, 297. 

Progress, electrical. Н. A. EARLE. (Р) 32,558. 

—— — electrical. J. Н. Ногмев. (P) 32,542. 

electrical. Н. Lea. (р) 32, 548. | 


PROPERTIES OF MATERIALS. 


Magnetic. 

Researches on the electrical conductivity and magnetic properties of 
different alloys of iron. W. F. Barrerr, W. Brown, and R. A. 
HADFIELD. 31, 674. 

Magnetic properties of alloys of iron and silica. Т. Baker. 34, 498. 

Plotting the hysteresis loop for iron. С. Kapp. 39, 225. 

Magnetic testing of iron. W. Н. F. MunpocH. 40, 137. 

Magnetic reluctance of joints in transformer iron. Н. Bonrr. 41,52. 

Researches on the magnetic properties of a series of carbon tungsten 
steels. T. SwWINDEN. 42, 641. 

Magnetic testing of iron with alternating current. A. CAMPBELL. 48, 553. 

Testing of transformer iron. L.W. Wirp. 46, 217. 

Magnetic properties of iron and its alloys in intense fields. Sir R. 
A. HADFIELD and B. Hopkinson. 46, 235. 

Magnetic properties of some manganese steels of definite composition. 
E. GRIFFITHS. 47, 771. 

Physical. 

Physical properties of certain aluminium alloys. Е. Witson. 34, 321. 

Aluminium, its production, properties, and use. W. M. Morrison. 31,400. 

Notes on electrical conductivity. W. BRowNiNG. 37, 372. 

Further notes on electrical conductivity. W. Brownina. 39, 673. 

Heat conductivity of iron stampings. Т. M. Bartow. 40, 601. 

Dielectric strength of compressed air. E. A. Watson. 48, 118. 

Physical properties of switch and transformer oils. W. P. Desy am 
D. B. Mavis. 46, 165. 
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Prosser, H. R. Overhead equipment of tramways. (p) 37, 196. 

Protection of inside conductors. О. L. Fatconar. (P) 32, 885. 

Protective devices for high-tension transmission circuits. J. S. PECK. (P) 

40, 498. 

gear, Merz-Price, fer alternating-current circuits. К. FAvEe-HANSEN 
and G. HaRLow. (r) 46,671. 

Pumping plant, electro-hydraulic. W. A. COLATwonRTHY. (P) 42, 680. 

Punga, Е. Alternating-current series motors. (р) 38, 104. 

Award of premium. 33, 1183. 

PuNGA, F., and Еросомве, К. Direct-reading measuring instruments for 
switchboard use. (р) 33, 620. 

Purification and softening of water for steam raising. L.J. LE CLAIR. (Ref) 
35, 587. 

PuRRETT, J. Oscillations in alternators. (р) 39, 223. 

Electrical driving of textile factories. (p) 40, 179. 

Pyne, R. S. B. Obituary notice. 39, 790. 


Q. 
Quantitative measurements in connection with radiotelegraphy. J. A. 
FLEMING. (P) 44, 344. 
Quin, К. C. Obituary notice. 33, 1214. 


R. 


Rapc.iFFe, L. E. Obituary notice. 48, 772. 

Radiations. L. Н. A. CARR. (р) 41, 779. 

Radio-telegraphic station at Cullercoats. A. S. M. SÖRENSEN. (Р) 43, 769. 

Radiotelegraphy, improvement of efficiency. W. Н. Ессгев aud A. J. 
MAKOWER. 4, 387. 

interferences and perturbations. J. E. TAYLOR. (P) 47, 119. 

—— some quantitative measurements in connection with. J. А. FLEMING. 
(Р) 44, 344. 

See also under Telegraphy and Telephony (Radiotelegraphy). 

Rail corrugation. J. A. Panton. (P) 39, 3. 

joints. P. S. SHEARDOWN. (P) 33, 1051. 

RarLING, M. J. Inaugural address as Chairman of Birmingham Local 
Section. 46, 127. 

Merz-Price protective gear for alternating-current circuits. (p) 46, 712. 

Present aspect of electric lighting. (р) 44, 94. 

Standardisation of electrical machines. (p) 46, 152. 

Railway blocks and telegraphs. А. T. Kinsey. (Ref) 81, 1870. 

block signalling. J. Pree. (р) 32,601. 

car, high-speed, of the A.E.G. О. LascHE. (Р) 831,24. 

carriage lighting by electricity. J. Н. DowriNa. (Ref) 32, 1160. 

electrification problem and its probable cost for England and Wales. 
F. F. BENNETT. (Р) 33,507. 

engineering. See also under Traction (Railways). 

engineering, electric. F. W. CARTER. (P) 36,231. 

goods, warehouses, electrical power in. H. HENDERSON. (P) 41, 3. 

high-speed, electric experiments on the Marienfelde-Zossen line. A. 
SIEMENS. (P) 33,894. 

Mersey. H. L. Ківкев. (Р) 33, 979. 
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Railway motors, alternating-current. (р) 34, 236. 
motors, heating of. F. W. Carter. (P) 32,1104. 
———, motors, single-phase. Т. H. ScHoEPF. (Р) 36, 637. 
—— signalling. A. GARDINER. (P) 42, 125. 
——— signalling. A. HAMILTON. (P) 41,798. 
system, the high-tension direct-current. A. MONKHOUSE. (р) 47, 793. 
working, single-phase. H. W. Тлугов. (Р) 37, 345. 
Railways, electric, problems of. J. SWINBURNE. (Ref) 31, 1370. 
electric, problems of. J. SwixNBURNE and W. R. Cooper. (rP) 31,972. 
———— electric, three-phase high-voltage. M. T. PicksroNE. (Ref) 82, 1161. 
——— single-phase. Р. С. Jones. (Р) 43, 723. 
———— steam, electric traction on. С. A. Canus-WiLsON. (P) 31, 1091. 
track circuit. Н. G. Brown. (р) 38, 107. 
RALPH, G. Automatic cab-signalling on locomotives. (р) 40, 97. 
Electric power installation at Grangesberg Iron Mines, Sweden. (P) 
88, 626. | 
———— Electricity in shipyards. (р) 33, 859. 
Experiments on eddy currents. (p) 33, 560. 
Methods of supporting and protecting inside conductors. (р) 82, 
849. 
Starting resistances. (D) 31, 1231. 
— Synchronous converters. (р) 82, 597. 
Three-phase working. (р) 88, 160. 
Кам, G. 8. Electrical equipment of mines. (p) 36, 536. 
Rance, J. Obituary notice. 43, 827. 
Rankin, R. Award of premium. 89, 751. 
Induction motors. (р) 39,714. 
RAPHAEL, F. C. Cost of electrical power. (p) 40,381. 
Localisation of faults in low-tension networks. (р) 33, 1044. 
Network tests and station earthing. (p) 82, 888. 
Power factor in alternating-current systems. (D) 42, 617. 
Track circuit. (p) 38, 121. 
RaTcLIFF, Н. A. Power companies’ testing departments. (р) 47, 760. 
RarcLirrF, Н. A., and Moore, A. E. Electricity meters, with notes on meter 
testing. (P) 47,3. 
Rated speed of electric motors as affecting the type to be employed. H. M. 
HoBanT. (P) 33, 472. 
RaTrHENAU, E. High-speed railway car of the A.E.G. (р) 31, 68. 
Rathmines, electric lighting of. G. F. PruprrCH. (Ref) 32, 1160. 
Rating and testing of motors for intermittent working. R. Роні. (P) 
45, 216. 
of electrical machinery. R.GoLpscHMIDT. (P) 34, 660. 
RawL1iNGS, А. L. Electrical undertaking of the-Birmingham Tame and Rea 
District Drainage Board. (p) 47, 231. 
RaAwLixGS, W. R. Domestic electricity supply. (p) 42, 55. 
Earthing. (p) S5, 138. 
Electricity supply as affected by metal filament lamps. (р) 41, 351. 
Heating of cables with current. (р) 47, 739. 
RaAWwOoRIH, A. Regenerative control. (P) 88, 374. 
RawortH, J. 8. Metal filament lamps. (р) 41, 671. 
Methods and practice in the German electrical industry. (р) 44906. 
———-— Regenerative control. (р) 38, 394. 


RAY—REN 103 


RAYLEIGH, Lord. Modern theory of electrical conductivity of metals. (D) 
38, 465. | | 

Units and standards. (p) 38, 6. 

RAYNER, E. H. Award of premiums. 35, 550; 43, 786. 

Design of turbo field magnets. (p) 45, 353. 

Dielectric strength of compressed air. (p) 43, 136. 

Dielectric strength of insulating materials. (p) 40, 52. 

Electricity meters and meter testing. (p) 47, 70. 

Extra-high-pressure transmission lines. (p) 46, 615. 

Heating of magnet coils. (p) 38, 423. 

Losses off transmission lines due to brush discharge. (p) 48,33. 

Short-circuiting of large electric generators. (D) 48, 261. 

Submarine cables for long-distance telephone circuits. (р) 46, 410. 

Telephone relay. (р) 48, 611. 

Temperature experiments. (P) 34,613. 

Testing of electric machinery. (p) 38, 70. 

RAYNER, E. H., and Paterson, C. C. Non-inductive water-cooled standard 
resistances for precision alternating-current measurements. (P) 42,455. 

Reaction, armature. See under Generators (Armatures and Commutators). 

Recorp, J. W. Manufacture of electrical condensers. (р) 41,579. 

RECORD, J. W., and SuMPNER, W. E. New alternate-current instruments. 
(Р) 41, 227. 

Records and plans for electrical distribution systems J. W. BEAUCHAMP. 
(Р) 42, 575. · 

Rectification of alternating currents. P. RosLING. (р) 86, 624. 

Rectifier, electrolytic. E. W. Moss. (P) 39,692. 

Rectifiers and converters. See under Generators (Converters and Rectifiers). 

REDpMAN, S. G. Extra-high-pressure transmission lines. (р) 46, 590, 643. 

Reduction of manufacturing costs by organisation. A. R. STELLING. (P) 
47, 811. | 

Refuse destructors. J. А. ROBERTSON. (P) 43, 651. 

electricity generated from. W. Е. Соорвісн. (Ref) 32, 1161. 

Regenerative control of electric tramcars and locomotives. A. RAWORTH. 
(Р) 38,374. 

Registration of rapid phenomena by stroboscopic methods. Е. HOSPITALIER. 
(Р) 33, 75. 

Regulation of pressure. G. WILKINSON. (P) 37,658. 

of the inherent speed of a direct-current shunt motor. E. W. 
SHORT. (Р) 46, 171. 

Regulations and standards, German, for electrical machinery. N.C. BRIDGE. 


| 


(Р) 43,525. 
Relative angular displacement in synchronous machines. W. W. FIRTH. 
(P) 46, 728. 


Relay, a telephone. S. G. Brown. (р) 48, 590. 

translation, automatic, for submarine cables. S. G. Brown. (р) 
31, 1060. 

Relays for alternating-current circuits. С. C. GARRARD. (r) 41, 583. 

Reluctance, magnetic, of joints in transformer iron. Н. BoHLE. (р) 41,527. 

of air-gap in dynamo machines. T. F. Warr. (P) 40, 550. 

Remote control high-tension switchgear. F. WALKER. (Р) 38, 635. 

REgNNiE, J. Direct-reading measuring instruments. (р) 33, 653. 

Units and standards. (p) 385, 38, 


101 RES—ROB 


Resistance, insulation, of a live three-wire system. G. Kapp and J. D. 
CoaALE8. (P) 42,694. 


Resistances for alternating-current measurements. C. C. PATEBSON and Е. Н. 
RAYNER. (P) 42, 455. 


Resistances, motor-starting. Е. О. Номт. (Ref) 33, 1218. 

shunt, and temperature compensation for ammeters. А. CAMPBELL. 
(P) 35, 197. 

starting. A. E. Gorr. (P) 31, 1219. 

Resonance in electric circuits, studied by aid of oscillograms. М. B. Ferb. 

(P) 32, 647. 

Responsibility of the engineer. J. S. HIGHFIELD. 42, 685. 

REÉvNoLps, C. H. Obituary notice. 43, 827. 

REYNoLps, E. A. Equipment of an engine test-house. (р) 33, 974. 

Кеүхогрв, Н. Н. Packing of plant forthe tropics. (р) 82, 1045. 

RHEAM, N. Obituary notice. 48, 827. 

Кнореѕ, W. G. Calculation of electric feeders. (Ref) 37, 444. 

Comparison of systems 1-, 2-, and 3-phase. (р) 31, 163. 

Determination of losses in motors. (р) 39, 479. 

Electrical driving in works. (р) 82, 1002. 

Equipment of electric tramcars. (P) 31, 1170. 

Lifts and hoists. (р) 37, 261. 

Magnetic-flux distribution in toothed-core armatures. (D), 34, 47. 

RicH, T. Methods and practice in the German electrical industry. (р) 4, 312. 

RiCHARDS, О. S. Award of premium. 48, 716. 

Utilisation of exhaust steam for electric driving. (P) 43, 752. 

RIcHARDSON, Н. Equitable charges for tramway supply. (р) 44, 644. 

Richmond-Carey electric lift demonstration. R. F. Carey. 32, 1016. 

Riper, Ј. Н. Award of premiums. 43, 785 ; 48, 732. 

Bow works of the Charing Cross Electricity Company. (р) 36, 111. 

Cost of electrical power. (p) 40, 319. 

Design of turbo field magnets. (p) 45, 350. 

Elected Member of Council. 43, 818. 

Elected Vice-President. 45, 764. 

Electrical system of the L.C.C. tramways. (р) 43, 235. 

Importance of attention to detail. (р) 44, 525. 

—— Oil engines. (р) 43, 593. 

- Short-circuiting of large electric generators. (р) 48, 349. 

RiscH, F. Present aspect of electric lighting. (р) 44, 85. 

RisELEY, Н. L. Continental power-house equipment. (P) 32,853. 

Electricity in shipyards. (p) 33, 856. 

Inaugural address as Chairman of the Newcastle Local Section. 38, 17. 

Reversible boosters. (p) 36, 608. 

Plant inspected during a visit to United States. (Ref) 35, 588. 

Static sub-station design. (р) 46, 480. 

RiTCHIE, J. Electric conveying machinery. (р) 37, 121. 

RiTrcHIE, T. E. Heating of cables with current. (р) 47, 741. 

Ross, J. M. Extra-high-pressuretransmission lines. (р) 46, 642. 

Interferences and perturbations in wireless telegraphy. (р) 4T, 161. 

Laying and maintenance of transmission cables. (p) 47, 350. 

Бовквтв, J. Commercial electric heating. (P) 42, 362. 

Ковевтв, M. Purchase of the Medical Examination Hall. 41, 862. 

Бовеһтв, М. F. Electrical system of the L.C.C. tramways. (р) 43, 298. 


ROB—-ROG 105 


RoBERTs, В. C. Reports on visit to Germany. (р) 31, 568. 

RoBERTSON, А. P. Continuous-current boosters and balancers. (р) 44, 507. 

Electric braking on the Glasgow tramway system. (р) 45, 433. 

RoBERTSON, C. J. Incandescent lamps. (р) 38, 259. 

Lamp standards. (D) 38, 311. 

Obituary notice. 48, 773. 

RoBERTSON, D. Award of premium. 81, 1334. 

Commutation phenomena in direct-current machines. (р) 48, 527. 

Earthed versus insulated neutrals in colliery installations. (p) 48, 579. 

Eddy-current brakes. (р) 838, 472. 

Electrical design. (р) 32, 448. 

Electricity meters and meter testing. (p) 47, 83. 

Electricity supply as affected by metal filament lamps. (р) 41, 369. 

———— General formula for regular armature diagrams. (P) 31,933. 

Study of armature windings by winding diagrams. (р) 31, 949. 

Turbo-generators. (p) 40, 266. 

Units and standards. (p) 35, 40. 

ROBERTSON, J. A. Continuous-current boosters and balancers. (р) 44, 506. 

Cost of electrical power. (p) 40, 377, 382. 

Domestic electricity supply. (р) 42, 68. 

Economical vacuum in electric power stations. (p) 44, 687. 

Electricity supply as affected by metal filament lamps. (pb) 41, 382. 

Electricity works and refuse destructors. (P) 43, 651. 

Equitable charges for tramway supply. (p) 44, 687. 

Safety of electrical plant in coal-mines. (р) 48, 212. 

Street lighting. (D) 34,741. 

RoBERTSON, L. S. Metrical system of weights and measures. (р) 32, 305. 

RoBERTSON, В. Alternating-current motors in industrial service. (р) 38, 486. 

Cost of electric-power. (р) 40, 370. 

Inaugural address as Chairman of the Glasgow Local Section. 34, 119. 

Street lighting. (р) 34, 752. 

Rosrnson, B. А. Interferences and perturbations in wireless telegraphy. 
(n) 4T, 161. 

Кэвіхвом, Bir C. Obituary notice. 47, 866. 

Rosrnson, E. L. Commutation. (р) 38, 184. 

Rosinson, I. V. Gas engines for electric power. (р) 43, 68. 

Present aspect of electric lighting (р) 44, 58. 

RoBiNsoN, L. L. Dust destructors. (р) 34, 303. 

RoBiNsoN, M. Purchase of the Medical Examination Hall. 41, 864. 

Rosinson, R. Extra-high-pressure transmission lines. (р) 46, 645. 

RonBiNsoN, R. A. Speaking at Annual Dinner, 1908. 42, 229. 

Rosson, E. S. A. Transatlantic engineering schools. (p) 83, 457. 

Rosson, R. Use of wood-casing. (p) 32, 851. 

Wiring of small buildings. (Ref) 37, 444. 

Rosson, W. E. Interpoles. (р) 39, 609. 

Rogerson, W. M. Equitable charges for tramway supply. (p) 44, 619. 

“ G.B.” surface contact system. (р) 42, 502. 

Inaugural address as Chairman of Leeds Local Section. 44, 107. 

Motive power supply from central station. (p) 32,627. 

Single and stranded low-tension fuses. (p) 44, 173. 

Underground mains. (Ref) 89,798. 

-—— —- Waste in incandescent lighting. (р) 87, 75, 


100 ROL—RUD 


RoLEs, T. Secondary cells. (р) 36, 415. 

Rolling mills, electrification of. W.F. MYLAN. (Р) 43, 488. 

Ronalds Library, appointment of new trustees. 43, 791. 

Ronalds Memorial Tablet. 38, 1189. 

Roser, Т. A. Lamp standards. (p) 38, 339. 

RosENBAUM, M. Extra-high-pressure transmission lines. (р) 46, 627. 

ROSENBERG, E. Award of premium. 47, 826. 

Control of electric winding and hoisting engines. (р) 46, 430. 

Direct-current turbo-generators. (p) 40,643. 

Electrolytic corrosion. (p) 41, 488. 

Irregularities in the rotating field of the polyphase induction motor. 

(n) 46, 168. 

—— —— Magnetic oscillations in alternators. (p) 40, 428. 

Motor converters. (p) 43, 398. 

Parallel operation of alternators. (P) 42, 524. 

Protective devices for high-tension transmission circuits. (р) 40, 538. 

Selection of turbo-alternators. (р) 42, 179. 

—— ——- Short-circuiting of large electric generators. (р) 45, 377. 

Transmission of electrical energy at high tensions on overhead lines. 
(n) 44, 460. 

RosENTHAL, J. H. Power station design. (р) 838, 744. 

Steam power plants. (p) 34,372. 

RosHer, N. B. Artificial load for testing. (р) 44, 157. 

Electrical undertaking of the Birmingham Tame and Rea District 

Drainage Board. (p) 47, 233. 

Extending the limits of power transmission. (p) 43, 440. 

Standardisation of electrical machines. (p) 48, 155. 

RosLrNG, P. Electrical equipment of an engine works and shipyard. (P) 

33, 1015. 

—— Rectification of alternating currents. (р) 36, 624. 

Waste in incandescent lighting. (p) 37, 75. 

Rotary converters. See under Generators (Converters). 

Rotating field of polyphase motors, irregularities in. C. F. SwrrH. (P) 
46, 132. 

Rotor and stator circuits of the single-phase induction motor. С. F. Ѕмттн. 
(Р) 44, 208. 

ROWELL, P. F. Appointed Assistant Secretary. 33, 670. 

Appointed Secretary. 43, 2, 787. 

Roy, W. Н. Economical vacuum in electric power stations. (р) 44, 690. 

Rubber testing. A. ScHwaRTZ. (P) 39,31. 

testing for electrical work. А. ScHWwaRTZz. (Р) 44, 693. 

RopDLE, M. Consumers’ installations. (Ref) 31, 1370. 

Cost of electrical power. (p) 40, 368. 

Depreciation. (р) 39, 298. 

Development of electrical energy supplies. (Ref) 32, 1160. 

Electric lighting and driving of textile mills. (р) 31, 1280. 

Humming telephone. (p) 81, 395. 

Inaugural address as Chairman of the Dublin Local Section. 34, 125. 

— Institution visit to Germany, 1901. (р) 31,628. 

— Steam turbines. (р) 38,889. 

Three-phase working. (р) 33, 585. 

Utilisation of water-power. (p) 31, 1162. 


RUL—SAL 107 


Rules for continuous-current traction motors adopted at the congress at 
Milan, 1906. (») 48, 548. 
of the Society of German Electrical Engineers. W. P. STEINTHAL. 
(Р) 44, 166. 
RUSSELL, A. Alternate-current instruments. (р) 41, 269. 
Alternating-current series motors. (р) 35, 93. 
Award of premiums. 31, 1831; 32, 1121; 41,819. 
— ——- Dielectric strength of compressed air. (p) 43, 132. 
а PECORI of insulating materials and the grading of cables. 
P ‚ 6. 
———— Disruption of insulating materials. (p) 38, 529. 
Fuse phenomena. (D) 41,82. 
—— —— Heating of cables with current. (р) 47, 742. 
— Heating of magnet coils. (р) 38, 422. 
Lamp standards. (р) 38, 313. 
Limitations of graphical methods in electrical theory. (р) 31, 438. 
— Losses off transmission lines due to brush discharge. (р) 48, 82. 
Magnetic-flux distribution in toothed-core armatures. (p) 34, 41. 
— Manufacture of electrical machinery. (р) 41, 574. 
— Mean horizontal and mean spherical candle-power. (р) 82, 631. 
Measuring of dielectric strength. (р) 34, 707. | 
Network tests and station earthing. (р) 32, 889. 
—— Output of dynamo-electric machinery. (р) 42, 285. 
Protective devices for high-tension transmission circuits. (p) 4, 
521, 523. 
Telephonic transmission measurements. (p) 39,554. 
RUSSELL, A., and Paterson, C. C. Sparking in switches. (р) 31, 1204. 
RussELL, C. N. Dust destructors. (р) 34, 301. 
Street lighting by modern electric lamps. (D) 46, 60. 
RUSSELL, Earl. Nernstlamp. (p) 32,597. 
RUussELL, Н. S. Effect of heat on dielectrics. (p) 34, 706. 
— —— Oil engines. (р) 43, 603. 
RUSSELL, S. Equitable charges for tramway supply. (р) 44, 603. 
RusSELL, S. A. Electrical driving in engineering works. (р) 32,994. 
Electricity at Woolwich Arsenal. (p) 36, 60. 
RUTHERFORD, J. А. Award of premium. 45, 732. 
RUTHERFORD, J. A., and Corrie, P. J. Collection of current at high peri- 
pheral speeds. (р) 45, 679. 
RUTHERFORD, W. Elected Member of Council. 39, 784. 
RouTHVEN-Mourray, E. T. Electricity supply as affected by metal filament 
lamps. (р) 41, 364. 
Ryan, F. Practical aspects of printing telegraphy., (р) 47, 519. 


S. 


Safety of working electrical plants in coal-mines. 8. А. S1MON. (р) 48, 197 
system, an electrical, for use in mines. Н. Ј. FISHER. (P) 44, 664. 
St. Louis International Electrical Congress (1904) Report to Council. W. 
DUDDELL. (P) 34,171; (р) 38, 8. | 
Sale of electricity, profitable, principles underlying. А. WRIGHT. (P) 31, 444. 
SALOMONS SCHOLARSHIP. 
Award to P. LauBACH, 1902. 31, 1334. 
to G. B. DYKE and H. W. KErrFonp, 1903. 32, 1122. 


108 SAL—SAY 


SALOMONS SCHOLARSHIP (continued)— 
Award to А. P. CHALKLEY, 1904. 33, 1184. 

to A. E. CLAYTON, E. A. F. GoopFELLOw, and F. C. PRENTICE, 
1905. 38, 549. 

to R. G. JAKEMAN, 1906. 37, 385. 

to P. E. PÉRoNNÉ and R. E. NEALE, 1907. 39, 749. 

to Н. CARNEGIE and A. Нотт, 1908. 41, 819. 

to J. Mourp,1909. 43, 785. 

to B. C. CLAYTON, 1910. 48, 731. 

to В. M. CLARKE and E. M. Tears, 1911. 47, 825. 

SALTER, J. R. Electrical system of the L.C.C. tramways. (p) 48, 328. 

Equitable charges for tramway supply. (р) 44, 626. 

Selection of turbo-alternators. (р) 42, 184. 

Storage batteries. (P) 37, 228. 

SAMPSON, T. W. Magnetic testing of iron. (р) 40, 158. 

Single and stranded low-tension fuses. (D) 44, 171. 

SAMUEL, The Rt. Hon. H. Submarine cables for long-distance telephone 

circuits. (p) 46, 366. 

Sanps, D. L. Street lighting. (р) 36, 212. 

SaNps, I. Electric lighting and driving of textile mills. (р) 31, 1281. 

SaARGENT, W. D. Obituary notice. 47, 866. 

SARNEY, G. G. Obituary notice. 47, 866. 

SAUNDERS, E. S. Electrification of rolling mills. (р) 43, 504. 

** G.B.” surface contact system. (р) 42, 507. 

Saver, G. Н. Use of inverted aros for lighting. (р) 81, 1281. 

Savers, H. M. Bow works of the Charing Cross Electricity Company. (р) 
86, 127. 

City and South London Railway three-wire system. (D) 38, 181. 

Earth currents derived from distributing systems. (D) 31,602. 

Earthed versus insulated neutrals in colliery installations. (D) 48, 576. 

Electric braking on the Glasgow tramway system. (p) 48, 426. 

Electric driving of railways. (р) 83, 525. 

Electric shock. (p) 31,787. 

Electric traction on steam railways. (р) 31, 1118. 

Electric winding in collieries. (p) 36, 558. 

Electrical system of the L.C.C. tramways. (p) 43, 323. 

Fuse phenomena. (р) 41, 88. 

“ G.B.” surface contact system. (D) 42, 490. 

Incandescent lamps. (p) 38, 260. 

Oil engines. (р) 48, 599. 

Overhead equipment of tramways. (p) 37, 191, 208, 209, 210. 

Parallel operation of alternators. (p) 42, 568. 

Production of nitric acid by the electric discharge. (p) 42, 343. 

Rail corrugation. (р) 39, 15. 

Setting type by telegraph. (р) 34, 608. 

Track circuit. (р) 38, 117. 

SAYERS, J. Railway signalling. (p) 42, 147. 

Track circuit. (p) 38, 122. 

Sayers, W. B. Aluminium conductors. (р) 31, 411. 

Commutation. (р) 38, 183. 

—— — Continuous-current boosters and balancers. (р) 44, 507. 

Continuous-current dynamos. (p) 31, 236. 


II 


HUI 


SAY—SCO 109 


Sayers, W. B. (continued). Distributing mains. (р) 81, 867. 

Economical vacuum in electric power stations. (D) 44, 689. 

Electrical exhibits in Glasgow Exhibition, 1901. (P) 31, 9. 

Parsons steam turbine. (p) 38, 809. 

ScHATTNER, E. B. Electricity meters and meter testing. (p) 47, 79. 

Fuse phenomena. (D) 41, 90. 

ScuipRowiTZ, P. Testing rubber for electrical work. (р) 44, 746. 

ScHoEPP, T. Н. Alternating-current series motors. (р) 88,89. 

Award of premium. 39, 750. 

Electric railway engineering. (р) 36, 268. 

Overhead equipment of tramways. (р) 37, 205. 

—— Rotary converters and motor-generators. (р) 88, 446. 

Single-phase railway motors. (Р) 36, 637. 

SCHOFIELD, S. D. Commercial aspect of electric power supply. (р) 40, 
443. 

Destructor and electricity stations in small towns. (Ref) 33, 1219. 

Electricity supply in small towns and villages. (p) 32, 1081. 

Metallic filament lamps. (р) 44, 518. 

Schools, transatlantic engineering. R. M. WALMSLEY. (P) 33, 364. 

SCHUIL, J. Power companies, testing departments. (р) 47, 765. 

ScHULTZ, G. Testing electric machinery. (D) 38, 92. 

ScHWARTZ, A. Award of premiums. 87, 387; 89, 750; 45, 731. 

Dielectric strength of insulating materials. (p) 40, 54. 

Eddy-current brakes. (р) 38, 470. 

Elected Member of Council. 41, 850. 

Electrolytic corrosion. (p) 44, 485. 

Flexibles and the testing of rubber. (P) 39, 31. 

Incandescent lighting. (p) 37,42. 

Street lighting. (p) 36, 210. 

Testing rubber for electrical work. (P) 44, 698. 

Transmission of electrical energy at high tensions on overhead lines. 

(n) 44, 457. 

SCHWARTZ, A., and JamMEs, W. Н. N. Fuse phenomena. (P) 44,40. 

Low-tension thermal] cut-outs. (р) 38, 364. 

Science Abstracts. 31, 1332; 32, 1120; 33, 1183; 35, 553; 39, 752; 41,824 ; 
43, 787 ; 45, 733 ; 47, 829. 

alteration in arrangements for supply of. 32, 6. 

Scott, E. K. Direct-reading measuring instruments. (D) 33, 684. 

Electrical driving in works. (р) 32, 997. 

Extra-high-pressure transmission lines. (Dp) 46, 631. 

High-speed electric railways. (р) 33, 929. 

Manufacture of large dynamos and alternators. (P) 82, 362. 

Parsons steam turbine. (p) 33, 824. 

Power station design. (p) 33, 768, 788. 

—— — Rated speed of motors. (p) 33, 498. 

Street lighting by modern electric lamps. (p) 46, 66. 

Transatlantic engineering schools. (p) 33, 453. 

Scorr, G. J. Award of premium. 47, 826. 

Scorr, G. J., and Pace, G. W. P. Single-phase commutator motors, 
especially the Latour-Winter- Eichberg type. (р) 47, 779. 

Distributing mains. (р) 31, 856. 

Scorr, W. Н. Interpoles. (р) 39, 618. 


110 SCO—SHA 


Scott-MoncrieFrr, K. A. Award of premium. 31, 1384. 

Dip of copper wire. (р) 31, 435. 

— Electricity supply as affected by metal filament lamps. (р) 41, 364. 

Insulation of conductors in India. (P) 31, 371. 

Present aspect of electric lighting. (р) 44, 84. 

ScRuBY, R. Automatic telephone exchange systems. (р) 47, 700. 

SEABROOK, A. Н. Battery economics and battery discharge arrangements. 

(n 47, 437. 

—— Cost of electrical power. (р) 40, 325. 

Domestic electricity supply. (p) 42, 63. 

Motor converters. (p) 48, 406. 

Present aspect of electric lighting. (р) 44, 80. 

Street lighting by modern electric lamps. (p) 46, 50. 

SEARLE, G. Е. С. Magnetic testing. (P) 34, 55. 

Sears, J. E. Magnetic properties of iron and its alloys in intense fields. 

(D) 46, 286. 

Seaton, G. D. Direct-current turbo-generators. (р) 40, 645. 

Electrical driving of textile factories. (р) 40, 169. 

Gas engines for electric power. (p) 43, 95. 

Selection of turbo-alternators. (p) 42, 180. 

SECCOMBE, J. Н. Obituary notice. 32, 1155. 

Secondary cells, deterioration of. G. D. A. Parr. (P) 36, 406. 

Secretaryship. 33, 2, 1189; 48, 787. 

SEHMER, E. G. Gas engines for electric power. (p) 48, 58. 

SELBY-BiGGE, D. L. Electrical driving in works. (p) 82,988. 

Selection of electric cables. L. B. ATKINSON and C. J. Beaver. (Ref) 
35, 588. 

Self-induction. О. Горак. (P) 31, 366. 

SELLS, F. Carriage of goods on electric tramways. (р) 32, 1087. 

Street lighting by modern electric lamps. (p) 46, 74. 

SEMENZA, G. Appointed Local Honorary Secretary for Italy. 38, 1187. 

Transmission by direct current. (p) 38,531. 

Series motors, alternating-current. Е. CREEDY. (Р) 38, 45. 

Series system of transmission by direct current. J. S. H1GHFIELD. (р) 38, 471. 

SEXTON, F. P. Street lighting by modern electric lamps. (p) 46, 64. 

Shafts, breaking of, in direct-coupled units from oscillations at critical speeds. 
J. FRITH and E. H. Lams. (Р) 81, 646. 

SHARP, С. H. Units. (р) 34, 223, 227. 

SHARP E. E. Electricity meters and meter testing. (р) 47, 90. 

SHARP, S. Elected honorary auditor. 81, 1361. 

Purchase of the Medical Examination Hall. 441, 862. 

Ѕнлж, А. Н. Bow works of the Charing Cross Electricity Company. (р) 

36, 133. 

Cost of electrical power. (p) 40, 352. 

Electricity supply as affected by metal filament lamps. (р) 41, 374. 

Equitable charges for tramway supply. (p) 44,607. 

SHaw, C. M. Street lighting by modern electric lamps. (р) 46, 58. 

SHAW, J. Electricity supply in bulk. (p) 31,911. 

SHAw, W. Standardisation of fuses. (p) 48, 644. 

SHAw, W. B. Control of electric winding and hoisting engines. (p) 46, 458. 

Direct-current turbo-generators. (p) 40,645. 

Earth versus insulated neutrals in colliery installations. (n) 43, 581. 


SHA—SHO 111 


SHaw, W. B. (continued). Electrical undertaking of the Birmingham Tame 
and Rea District Drainage Board. (D) 47, 237. 
Electricity meters and meter testing. (D) 47, 104. 
SHAWFIELD, C. E. C. Battery economics and battery discharge arrangements. 
(n 4T, 432. 
Central station economics. (p) 39, 393. 
Equitable charges for tramway supply. (p) 4, 611. 
——— “G.B.” surface contact system. (р) 42, 507. 
Motor load development. (p) 358, 262. 
SHEARDOWN, P. S. Breaking of trolley wires. (Р) 38, 608. 
Description of electric light and power schemes in New York. (Ref) 
88, 587. 
Domestic electricity supply. (р) 42, 79. 
Electrical system of the L.C.C. tramways. (p) 48, 351. 
Electric lighting and driving of textile mills. (р) 31, 1280. 
Inaugaral address as Chairman of the Dublin Local Section. 36, 162. 
Institution visit to Germany, 1901. (P) 31, 611. 
Point controllers for electric tramways. (р) 44, 483. 
—— — Reports on visit to Germany. (р) 31, 564. 
—— Solid rail joints. (P) 33, 1051. 
Suction producer plant. (D) 38, 624. 
Three-phase working with reference to Dublin system. (p) 33, 584. 
Obituary notice. 47, 867. 
SHEARER, A.G. Static sub-station design. (p) 46, 482. 
SHEFFIELD, T. W. Carriage of goods on electric tramways. (р) 32, 1086. 
Switches оп switchboards. (р) 31, 1266. 
SHEPHERD, G. M. Award of premium. 39, 750. 
Submarine cables for long-distance telephone circuits. (р) 46, 412. 
SHEPHERD, G. M., and Сонем, В. S. Telephonic transmission measurements. 
(Р) 39, 508. 
SHERLEY-PRICE, Н. Depreciation. (р) 39, 286. 
SHIELDS, J.C. Dip of copper wire. (р) 31, 482. 
Packing of instruments for the tropics. (р) 32, 1045. 
Shipbuilding works, applications of electricity in. A. D. WILLIAMSON. (Р) 
82, 925. 
Shipyard and engine works electrical equipment. Н. О. WRarrH. (р) 38, 994. 
and engine works, distribution of electricity in. J. А. ANDERSON. (P) 
33, 845. 
Shocks, electric. F. B. AsPINALL. (Р) 81, 748. 
electric, and legislation thereon. С. E. WEBBER. (Р) 31, 782. 
electric, at 500 volts. A. P. TROTTER. (Р) 31,762. 
SHONE and AULT. Production of nitric acid by the electric discharge. (D) 
42, 345. 
SHOOLBRED, J. City and South London Railway three-wire system. (D) 
33, 168. 
SHOOLBRED, J. N. Electric railway problems. (р) 31, 1044. 
Metrical system of weights and measures. (р) 32, 318. 
Obituary notice, 41, 870. 
Ѕновт, E. W. Award of premium. 31, 1334. 
Inherent speed regulation of the direct-current shunt motor. (P) 
46, 171. 
Вновт, S. Н. Obituary notice. 32, 1155. 


112 SHO—SIN 


Short-cirouiting of large electric generators. M. WaLKER. (P) 88, 295. 
-spark methods of generating electrical oscillations. W. Н. EccLrs 
and A.J. MAKOWER. (Р) 44, 387. 
ЗЅновтт, W. H. Modern electric time service. (р) 45, 96. 
Shunt motor, direct-current, and its inherent speed regulation. E. W. 
SHORT. (P) 46, 171. 
resistances and temperature compensation for ammeters. А. Самр- 
BELL. (P) 39,197. 
SIDDELEY, H. Boosters. (p) 86,616. 
SIEMENS, А. Alternating-current series motors. (р) 88, 112. 
Automatic cab signalling on locomotives. (р) 40,88. 
———— Crane motors. (р) 36, 314. 
Elected President, 1908-9. 33, 1209. 
— —— High-speed railway car of the A.E.G. (р) 31,71. 
High-speed electric railway experiments on the Marienfelde-Zossen 
line. (P) 33, 894. 
Inaugural address as President. 34, 5. 
Metrical system of weights and measures. (P) 32, 278. 
Motor load development. (p) 38, 288. 
Purchase of the Medical Examination Hall. 41, 863. 
— Reports оп visit to Germany, 1901. (р) 31, 550, 572. 
Setting type by telegraph. (p) 34,607. 
Submarine cables for long-distance telephone circuits. (р) 46,364. 
Wireless telegraphy measurements. (D) 38,361. 
SIEMENS, C. Н. vox. Obituary notice. 37, 441. 
Signalling on locomotives. J. Prea. (Р) 40,62. 
on railways. A. GARDINER. (P) 42, 125. 
on railways. А. Hamitton. (Р) 41,798. 
railway. See also under Traction (Signalling). 
railway block. J. Раа. (Р) 32, 601. 
Silicon and iron alloys, magnetic properties. T. BAKER. (P) 34, 498. 
SILLERY, W. Domestic electricity supply. (р) 42, 70. 
Electricity supply as affected by metal filament lamps. (р) 41, 
385. 
Simon, S. A. Continuous-current boosters and balancers. (р) 44, 505. 
Economical vacuum in electric power stations. (р) 4, 689. 
Safety of electrical plant in coal-mines. (P) 48, 197. 
Simpson, А. Н. Insulation of conductors in India. (р) 31, 382. 
Simpson, M. G. Dip of copper wires. (р) 31, 428. 
Insulation of conductors in India. (р) 31, 384. 
Preservation of instruments in the tropics. (р) 82, 1044. 
Sims, C. N. Obituary notice. 39, 791. 
SINCLAIR, D. Submarine cables for long-distance telephone circuits. (D) 
46, 371. 
Single-phase commutator motors. V.A.FyNN. (P) 36, 324. 
commutator motors. G. W. P. Pace and G. J. Scorr. (р) 4, 779. 
———— core and shell transformers. A. R. Low. (P) 43, 217. 
induction motor, stator and rotor circuits. С. Е. Smrrs. (P) 
| 44, 203. 
— railway motors. T. H. ScHoxPF. (Р) 36, 637. 
— railway working. H.W. TavrLom. (P) 87, 345. 
—— — railways. Р. С. Jones. (Р) 48,723. 


SIN—SMI 118 


Single-, two-, and three-phase systems, comparison of, for feeding low-tension 
networks. M. B. FIELD. (P) 31,138. 
SKELTON, C. E. Electricity supply as affected by metal filament lamps. 
(р) 41, 373. 
Skin effect and its graphical treatment. А. Hav. (р) 46, 487. 
SKINNER, C. E. Testing electric machinery and materials. (p) 38, 62. 
SLACKE, R. B. Electric ignition of internal combustion engines. (D) 
M, 154. 
Methods and practice in the German electrical industry. (D) 
44, 326. 
— — — Present aspect of electric lighting. (р) 44, 794. 
Protective devices for high-tension transmission circuits. (p) 40, 
542. 
SLEIGH, J. P. Mechanical details of enclosed arc lamps. (Ref) 32, 1161. 
Electrical power in warehouses and docks. (D) 41, 34 
SLOAN, R. P. Laying and maintenance of transmission cables. (p) 47, 350 
Slot leakage in induction motors, graphical treatment of. R. E. HELLMUND. 
(Р) 48, 239. 
Slow registration of rapid phenomena by strobographic methods. Е. Hos- 
PITALIER. (P) 33,75. 
SMITH, A. D. Obituary notice. 48, 773. 
SMITH, C. А. Energy distribution to sub-station. (Ref) 33, 1218. 
Steam-power plants. (р) 34, 385. 
SMiTH, C. B. Electricity supply as affected by metal filament lamps. (р) 
41, 351. 
SmirH, C. F. Award of premium. 45, 732. 
Eddy-current brakes. (p) 88, 472. 
Electric traction vagabond currents. (р) 43, 474. 
Experimental determination of losses in motors. (P) 39, 437. 
—— —— Flywheel-load equalisers. (p) 43, 193. 
—— —— Fuse phenomena. (р) 41, 97. 
—— Heating of magnet coils. (p) 38, 416. 
—— ——— [Irregularities in the rotating field of the polyphase induction motor. 
(P) 46, 132. 
Magnetic leakage. (р) 38, 585. 
—— —— Power factor in alternating-current systems. (р) 42, 619. 
— Production of nitric acid by the electric discharge. (р) 42, 347. 
——— Reluctance of the air-gap in dynamo machines. (р) 40, 569. 
———— Stator and rotor circuits of a single-phase induction motor. (P) 44, 208. 
Testing rubber for electrical work. (p) 44, 743. 
Transformers. (p) 42, 402. 
5мїтн, E. W. High-speed electric railways. (p) 33, 928. 
Ѕмітн, F. E. Units and standards. (р) 38, 21. 
SwrrH, R. Н. Metrical system of weights and measures. (р) 32, 819. 
Profitable sale of electricity. (p) 31, 518. 
Railway motors. (p) 38, 104. 
Transatlantic engineering schools. (p) 33, 449. 
Ѕмітн, К. T. Electrical power in warehouses and docks. (р) 41, 27. 
Electrical system of the L.C.C. tramways. (р) 43, 303. 
Laying and maintenance of transmission cables. (p) 47, 341. 
Motor converters. (p) 43, 403. 
SwrrH 8. Н. Turbo-generators. (р) 40, 278. 
8 


114 SMI—SOW 


SĒITH, 8. P. Electrical undertaking of the Birmingham Tame and Re 
District Drainage Board. (р) 47, 230. 

Methods and practice in the German electrical industry. (р) 4, 336. 

Non-salient pole turbo-alternator and its characteristics. (р) 47, 562. 

Standardisation of electrical machines. (p) 48, 153. 

Testing alternators. (P) 42, 190. 

Transformers as choking coils. (p) 42, 451. 

Sure, S. P., and WALL, Т. F. Experimental determination of the losses in 
pole-shoes. (Р) 40, 577. 

Ѕмітн, W. G., and DoxEGAN, M. Moving-coil ballistic galvanometer. (Ref) 
32, 1160. 

Бмүгн, A. Electric traction vagabond currents. (р) 48, 477. 

SNELL, A. T. Incandescent lamps. (p) 38, 262. 

SNELL, J. F.C. Award of premium. 41, 819. 

Cost of electrical power for industrial purposes. (Р) 40, 288. 

Domestic electricity supply. (p) 42,50. 

Earthed versus insulated neutrals in colliery installations. (p) 45, 573. 

Elected Member of Council. 41, 850. 

Elected Vice-President. 47, 860. 

Electrical system of the L.C.C. tramways. (p) 48, 315. 

Electricity in shipyards. (p) 33, 862. 

Electricity supply as affected by metal filament lamps. (р) 41, 360. 

Equitable charges for tramway supply. (р) 44, 600, 650. 

Heating of cables with current. (p) 47, 738. 

Hydro-electric installations of Sweden. (D) 48, 469. 

Inaugural address as Chairman of the Newcastle Local Section. 34, 340. 

— Influence of sub-station equipment and transmission line on cost of 

supply. (р) 31,1142. 

—— —— Laying and maintenance of transmission cables. (р) 47, 334. 

Modern long-distance transmission of electrical energy. (р) 47, 197. 

Power-house equipment. (p) 32, 868. 

Starting resistances. (p) 31,1232. 

Telephone exchanges. (p) 31, 1242, 1244. 

Soppy, F. Internal energy of elements. (P) 37, 140. 

Soft iron stampings, influence of cooling media upon their rise in tempera- 
ture. R.D.Girrorp. (р) 44, 753. 

Softening and purification of water for steam raising. L. J. DE CLAI. 
(Ref) 8B, 587. | 

Solid rail joints. Р. 5. SgEARDOWN. (P) 33, 1051. 

Вогомом, M. Incandescent lamps. (р) 38, 242. 

Metallic filament lamps. (p) 44, 198. 

Nernstlamp. (p) 32,581. 

Street lighting by modern electric lamps. (p) 46, 75. 

SORENSEN, А. S. M. Interferences and perturbations in wireless telegraphy. 

(р) 47, 157, 159. 

Radiotelegraphic station at Cullercoats. (P) 48, 769. 

SoUTHCOMBE, J. E. Physical properties of switch and transformer oils. (D) 
48, 206. . 

SouTHGATE, H. M. Rotary converters and motor-generators. (p) 38,445. 

SowrER, W. J. U. Depreciation. (р) 39, 297. 

Domestic electricity supply. (р) 42, 76. 

— —— Electricity supply as affected by metal filament lamps. (р) 41, 380. 


HL] 


SOW—SPE 115 


SowTER, W. J. U. (continued). Gas engines for electric power. (р) 43, 84. 
Gas producer plant. (Ref) 37, 443. 
Suction producer plant. (р) 38, 624. _ 
Spark discharge, high-tension, in air. Р. Kemp and W. A. STEPHENS. (Р) 
48, 685. 
Sparking and its elimination. L. Н. A. Слвв. (р) 43, 712. 
in switches. А. RussELL and C. C. PATERSON. (P) 81,1204. 
limits in variable-speed motors. А. H. BATE. (P) 38, 421. 
voltages and their measurement. Е. A. WarsoN. (Р) 37, 295. 
SPARKS, C. P. Bow works of the Charing Cross Electricity Company. (D) 
86, 108. 
Cost of electrical power. (р) 40, 332. 
Dielectric strength of insulating materials. (p) 40, 41. 
Domestic electricity supply. (р) 42, 48. 
Elected Member of Council. 33, 1209 ; 47, 880. 
Elected Vice-President. 37, 413; 41, 850. 
Electric winding in collieries. (р) 36, 548. 
Electrical design. (р) 32, 442. 
Electrical equipment of the Aberdare collieries. (P) 36, 477. 
Electrical system of the L.C.C. tramways. (p) 43, 305. 
Electricity supply as affected by metal filament lamps. (р) 41, 355. 
Energising of mains. (p) 32, 769. 
Extra-high-pressure transmission lines. (p) 46, 606. 
Flexibles. (p) 39, 101. | 
—— Heating of cables with current. (р) 47, 735. 
Life tests of lamps. (p) 38, 368. 
Motor load development. (р) 38, 265. 
Overhead transmission. (p) 34, 535. 
Street lighting by modern electric lamps. (p) 46, 49. 
Transmission by direct current. (р) 88, 507. 
Sparks, J. B. Award of premium. 38, 551. 
Award of David Hughes Scholarship. 38, 549. 
Present position of electric traction on main linesin Europe. (P) 47, 816. 
Sparks, J. B., and BIEDERMANN, E. А. E.M.F. wave-forms. (р) 86, 493. 
Special General Meetings, 4th and 19th December, 1902, 26th February, and 
17th March, 1908, altering Articles of Association. $2, 217, 471. 
19th May, 1903, and 9th June, 1903, to sanction and confirm alteration 
of the Articles of Association. 33, 1176. 
81st July, 1908, to sanction purchase of property and sale of invest- 
ments to pay purchase money. 32, 1114. | 
80th June, 1908, to sanction the purchase of the Medical Examination 
Hall. 41, 851. 
29th July, 1909, to sanction expenditure on the Institution building. 
43, 819. 
26th May, 1910 to grant borrowing powers. 48, 766. 
8th December, 1910, confirming action of Council in borrowing £11,500. 
46, 307. : 
Speed, rated, of electric motors. Н. M. HosanT. (P) 33, 472. 
Speed regulation, inherent, of the direct-current shunt motor. Е. W. SHORT. 
(Р) 46, 171. 
Speeds, collection of current at high peripheral. P. J. COTTLE and J. A. 
RUTHERFORD. (р) 45, 679. 


116 SPE—STE 


Spence, W. L. Standardisation of electrical machines. (р) 45, 151. 
Spence, W. R. Alternating-current motorsin industrial service. (р) 38, 488. 
SPEYER, Н. R. Award of premium. 41, 820. 
Electrification of the Mansfeld Copper Mines. (р) 41, 759. 
SPRAGUE, F. J. Alternating-current railway motors. (р) 384, 252. 
Stampings, iron, and their heat conductivity. T. M. Bartow. (р) 40, 601. 
soft iron, influence of cooling media upon their rise in temperature. 
R. D. Girrorp. (Р) 44, 753. 
Standard Cell Committee, Report. 34, 172. 
performances of electrical machinery. R. GOLDSCHMIDT. (P) 40, 155. 
Standardisation, International Committee Report. 3A, 174. 
of electrical machines. R. OnRsETTICH. (Р) 48, 132. 
of fuses. Н. W.Krrronp. (Р) 48, 620. 
Standards, German, for electrical machinery. N.C. Bripce. (P) 43, 525. 
of light. C. C. PATERSON. (Р) 88, 271. 
Stand-by charges and motor load development. A. M. Tayror. (р) 38,227. 
STANTON, A. L. Automatic telephone exchange systems. (p) 47, 703. 
STARLING, E. H. Electric shocks. (р) 31, 805. 
Starters and controllers. P. С. Jones. (P) 41, 808. 
Starting resistances. А. Е. Gorr. (P) 31, 1219. 
Static balancer and its theory. С. C. Hawkins. (P) 45, 704. 
Static sub-station design. Р. V. Hunter. (Р) 46, 462. 
Station earthing. А. M. Tavronz. (r) 32, 872. 
notes. C. TURNBULL. (Ref) 32, 1161. 
Stationary electric waves. G. MorLov. (Ref) 83, 1218. 
Stator and rotor circuits of the single-phase induction motor. С. F. Smrtu. 
(Р) 44, 208. 
Statrer, J. G. Switchgear and relays. (р) 41, 615. 
STEAD, W. Gas engines for generating electric power. (p) 48, 90. 
Steam boilers. C. E. STROMEYER. (Ref) 34, 1370. 
-driven non-reversing rolling mills, and their electrification. W. F. 
MyLAN. (P) 43, 488. 
exhaust, for electric driving. C. S. RicHamps. (r) 48, 752. 
exhaust, for the generation of high-voltage electricity. М. Macrzas. 
(Ref) 32, 1160. 
power plants. W. Н. BoorH and J. B. C. KeRsHAw. (Р) 3, 329. 
railways, electric traction on. C. А. Carus-WiLson. (P) 34, 1091. 
——— turbine as applied to electrical engineering. The Hon. C. A. PARSOSS, 
G. G. Stonry, and C. P. Martmn. (р) 38, 794. 
turbine. W. CHILTON. (») 33,587. 
turbine dynamos. А. G. Егллѕ. (р) 837, 305. . 
turbine generating station equipment. R.J. Kaura. (P) 39, 729. 
turbines. The Нор. G. L. Parsons. (Ref) 838, 1219. 
turbines. Е. С. Porte. (P) 38, 867. 
turbines and their construction. W.J.A.Lonpon. (P) 35, 163. 
turbines, exhaust. R.C. Prowman and E. F. HETHERINGTON. (Р) 
47, 798. 
turbo-electric generating plants. G. WILKINSON. (Ref) 33,1218. 
versus electrical driving of auxiliary plant in central stations. С.Р. 
| ТлтЕ and R. S. Downe. (р) 32, 1050. 
SrEAnN, С. Н. Electricity supply as affected by metal filament lamps. (0) 
41, 356. | 


— 


|| 


d UM 


STH-—STI 117 


SrEDMAN, H. G. A. Laying and maintenance of transmission cables. (D) 
57, 849. 
STEEL, C. Electric traction on steam railways. (p) $4, 1111. 
Steel, carbon-tungsten, and its magnetic properties. T. SwINDEN. (P) 42,641. 
Steels, manganese of definite composition, and their magnetic properties. E. 
GRIFFITHS. (P) 47, 771. 
STEINITZ, J.J. Power station design. (р) 33, 770. 
STEINMETZ, C. P. Alternating-current railway motors. (p) 34, 236. 
STEINTHAL, W. P. Arrangement of experimental electrical circuits for 
laboratories. (P) 48,274. 
Rules of the Society of German Electrical Engineers, 1908. (P) 41, 
166. 
STELLING, А. R. Award of premium. 47, 827. 
Electric ignition of internal combustion engines. (p) 44, 156. 
Organisation and the reduction of manufacturing costs. (P) 47,811. 
STELLING, A. R., and LEPINE, L. J. Methods and practice in the German 
electrical industry. (р) 44, 281. 
STELLING, J. W. Power factor in alternating-current systems. (p) 42, 624. 
STEPHENS, H. G. Commutation phenomena in direct-current machines, 
(р) 45, 598. 
STEPHENS, W. А. Award of premium. 48, 782. 
Production of nitric acid by electric discharge. (p) 42, 358. 
STEPHENS, W. A., and Kemp, P. High-tension spark discharge in air. (P) 
45, 685. 
STEPHENS, T. City and South London Railway three-wire system. (р) 33, 
171. 
STEPHENSON, A. F. Control of electric winding and hoisting engines. (D) 
56, 458. 
Earthed versus insulated neutrals in colliery installations. (р) 48, 
580. 
Electrical equipment of mines. (D) 36, 536. 
STEVENSON, G. Alternating-current motors in industrial service. (D) 38, 
490. 
Farthing. (р) 38, 141. 
Electric braking on the Glasgow tramway system. (р) 45, 434. 
Polyphase induction motors. (P) 44, 676. — 
Safety of electrical plant in coal-mines. (p) 43, 210, 212, 213. 
STEWART, A. Electrical driving in works. (p) 32, 1005. 
Influence of cost of sub-station equipment and transmission line on 
electricity supply. (P) 31,1122. | 
Power house equipment. (D) 32,804. 
Stewart, А. W. New leading-in conductor for electric lamps. (p) 89, 499. 
STEWART, C. L. E. Balancers for three-wire systems. (р) 48, 197. 
Electric traction vagabond currents. (p) 43, 476. 
— —— Equitable charges for tramway supply. (р) 44, 630. 
Present aspect of electric lighting. (p) 44, 796. 
STEWART, P. Н. Gas engines for electric power. (p) 483,84. 
Lightning conductors. (Hef) 35,587. 
Stewart, V. B. Gas engines for electric power. (р) 43, 70. 
STILL, A. High-tension switchgear. (р) 31,1265. _ 
STILL, P. Electricity supply as affected by metal filament lamps. (D) 44, 
957. 


~ 


118 STI—STR 


STILL, P. (continued). Profitable sale of electricity. (р) 31, 508. 
Sr;ERNBERG, G. Driving of winding engines by induction motors. (р) 47, 
634. 

—— — Electric winding. (P) 46, 192. 

Electric winding in collieries. (p) 36, 561. 

Hydro-electric installations of Sweden. (р) 48, 169. 

STOBIE, V. Magnetic properties of carbon-tungsten steels. (p) 42,674. 

SrokES, L. Speaking at Annual Dinner, 1911. 46, 506. 

бтокев, W. Crane motors. (р) 36, 317. 

STONEY, G. Award of premium. 41, 819. 

Comparison of 1-, 2-, and 3-phase systems. (р) 81, 166. 

Direct-current turbo-generators. (p) 40,6397. 

Driving of winding engines by induction motors. (р) 47, 636. 

Elected Member of Council. 41, 850. 

Electricity in shipyards. (р) 383,857. 

Experiments on eddy currents. (p) 33, 560. 

Inaugural address, Newcastle Local Section. (P) 33, 303. 

—— —- Magnetic induction in armatures. (р) 37, 187. 

Magnetic properties of iron alloys. (p) 31,726. 

Magnetic properties of iron and its alloys in intense fields. (р) 46, 288. 

Output of dynamo-electric machinery. (D) 42, 277. 

Parallel operation of alternators. (p) 42, 556. 

Power-house equipment. (р) 32, 866. 

——— Rated speed of motors. (p) 33, 492. 

—————- Short-circuiting of large electric generators. (р) 48, 354. 

Slow registration of rapid phenomena. (р) 33, 96. 

———- Three-phase working. (р) 36, 160. 

Turbo-generators. (р) 40, 251. 

Stoney, G., and Law, А. H. High-speed electrical machinery. (р) 41, 286. 

SToNEY, G., Parsons, The Hon. C. A., and Martin, C. P. Steam turbine 
as applied to electrical engineering. (Р) 38, 794. 

STONEY, J. Metrical system of weights and measures. (p) 32,306. 

Storage batteries. J. R. SALTER. (P) 87, 228. 

batteries and boosters. L. Brockman. (Ref) 37, 443. 

systems. А. Р. Woop. (р) 39, 414. 

Stores and cost-keeping. D. Ррехноім. (р) 39, 164. 

Storey, P. Obituary notice. 45, 773. 

SToTHERT, J. К. Cost of electrical power. (p) 40, 381. 

SToTHERD, І. H. K. Obituary notice. 38, 583. 

Ѕтотт, B. Е. Award of premium. 48, 786. 

Ѕтотт, B. E., and Harcrove, J. Design of small direct-current machines. 
(P) 43, 696. 

STóTTNER, J. The Nernst lamp. (Р) 32, 520. 

Reports on visit to Germany, 1901. (p) 31, 558. 

Obituary notice. 47, 867. 

STRATTON, E. W. Speaking at the Annual Dinner, 1908. 42, 229. 

Stray currents from electric traction. J. G. and R. G. CUNLIFFE. (р) 58, 449. 

Street cable systems. S.J. Watson. (Ref) 37, 444. 

lighting. Н. T. Harrison. (P) 36, 188. 

———— lighting by electric arc lamps. Н. B. MaxwELL. (Р) 34, 729. 

lighting, electric. W. F. Lone. (P) 41,509. 

—— —— lighting by modern electric lamps. Н. T. Harrison. (р) 46,24. 
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Street Lighting Specification Committee. 47, 830. 
Strobographic methods for slow registration of rapid phenomena. E. 
HosPrrALrER. (Р) 38, 75. 
STRODE, W. W. Obituary notice. 48, 828. 
STROMEYER, C. E. Steam boilers. (Ref) 81, 1870. 
Stroup, H. Inaugural address as Chairman of the Newcastle Local Section. 
44, 129. 
Interferences and perturbations in wireless telegraphy. (p) 47, 158. 
Use of the flicker photometer for differently coloured lights.. (D) 
44, 180. 
STUART, D. Dry-core telephone cables. (p) 48, 648. 
STUBBS, A.J. Extra-high-pressure transmission lines. (p) 46, 620. 
Manufacture of electrical condensers. (p) 41,577. 
Practical aspects of printing telegraphy. (р) 47, 520. 
Stud contract tramway system. S. CLEGG. (P) 42, 473. 
STURGEON, J. Electricity supply in bulk. (р) 31,914. 
Gas engines for electric power. (pb) 43, 82, 83. 
Submarine cables, automatic relay translation for. S. G. Brown. (P) 
81, 1060. 
cables, localisation of breaks in. W. Н. Youna. (Р) 48, 696. 
cables, for long-distance telephone circuits. W. A. J. O'Mkana. (P) 
46, 309. : 
Sub-stations, design of static. P. V. HUNTER. (P) 46, 462. 
Subscriptions, annual, alteration of. 32, 6, 218. 
and entrance fees, suggested increase. 47, 832. 
Sub-station equipment, influence of, on cost of electricity supply. A. 
STEWART. (P) 31, 1129. 
Sub-stations, energy distribution to. С. А. SMITH. (Ref) 33,1218. 
Suction gas engines. H. CAMPBELL. (Ref) 39, 793. 
producer plant. A. E. Porte. (р) 38,007. 
SULLIVAN, Н. W. Automatic relay translation. (p) 31, 1079. 
SuLzER, C. Bow Works of the Charing Cross Electricity Company. (р) 
36, 107. 
Summer meetings. 47, 832. 
SuMPNER, W. E. Alternate-current diagrams. (р) $1, 630. 
Alternators. (р) 33, 1121. 
Artificial load for testing. (р) 41, 157. 
Award of premium. 37, 387. 
—— —— Eddy-current brakes. (р) 88, 469. . 
— Electrical system of the L.C.C. tramways. (р) 43, 388. 
—— —— Heat conductivity of iron stamping. (р) 40, 621. 
—— Kapp-Hopkinson test on а single direct-current machine. (р) 43, 171. 
—— — Localisation of faults in low-tension networks. (p) 33, 1043. 
——— Losses in pole-shoes. (р) 40, 598. 
—— Manufacture of electrical condensers. (р) 41, 576. 
Metallic filament lamps. (p) 44, 197. 
Motor load development. (р) 35, 260. 
New iron-cored instruments for alternate-current working. (P) 
86, 421. 
—— —— Recent improvements in electric lighting. (p) 39, 362. 
— —— Reluctance of the air-gap in dynamo machines. (р) 40, 574. 
Short-circuiting of large electric generators. (p) 46, 366. 
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SuMPNEB, W. E. (continued). Street lighting by modern electric lamps. (D) 
46, 79. 
Testing generators by air calorimetry. (p) 33, 60. 
Testing alternators. (p) 42,213. 
Testing motor losses. (P) 31,632. 
Testing transformers. (D) 37, 289. 
Transformers as choking coils. (p) 42, 450. 
Use of iron in alternate-current instruments. (P) 84, 144. 
Wireless telegraphy measurements. (p) 38, 356. 
SUMPNER, W. E., and Recorp, J. W. New alternate-current instruments. 
(Р) 41, 227. 
Supply, development of electrical energy. М. Коррге. (Ref) $2, 1160. 
electricity, for small towns and villages. A. B. Mountain. (P) 
32, 1017. 
——-— motive power, from central stations. Б. А. Снлттоск. (р) 32, 621. 
— of electricity in bulk. H. A. EARLE. (P) 81, 884. 
——— of electricity to small towns. T. TowriNsoN. (Ref) 33, 1218. 
—— systems, electric, distribution losses in. А. D. CONSTABLE and 
E. FaAwssETT. (P) 32,707. 
——— undertakings, possible beneficial effects of metallic filament lamps. 
G. WILKINSON and R. McCourt. (Р) 44, 509. 
Surface contact system on tramways. 8. CLEGG. (P) 42, 473. 
contact traction systems. W. KiNGsLAND. (P) 31,879. 
SUTHERLAND, C.J. Obituary notice. 36, 583. 
SwaLLow, M. G. S. Economical vacuum in electric power stations. (р) 
44, 689. : 
Swan, Sir J. Purchase of the Medical Examination Hall. 41, 860. 
SwETENHAM, G. H. Obituary notice. 38, 583. 
Sweden, hydro-electric installations of. A. V. CLAYTON. (P) 45, 442. 
SwINBURNE, J. Appointed trustee of the Institution and also of the Willans 
Fund. 32,1118. 
Condensers. (р) 48, 632. 
—— — Direct-reading measuring instruments. (р) 33, 673. 
Elected President, 1902-3. 31, 1361. 
Electric problems of railways. (Ref) 31, 1370. 
Electrical legislation in deputation to President of Board of Trade. 
31, 1323. 
Inaugural address as President. $2, 9. 
Nernst lamp. , (D) 32, 535. 
New Incandescent lamps. (р) 38, 211. 
SWINBURNE, J., and Cooper, W. R. Problems of electrical railways. (р) 31,972. 
SWINBURNE, T. H. M. Methods and practice in the German electrical 
industry. (p) 44, 331. 
Parallel operation of alternators. (p) 42, 570. 
Power factor in alternating-current systems. (D) 42, 624. 
Present aspect of electric lighting. (р) 44, 798. 
SwINDEN, T. Award of premium. 43, 785. 
Magnetic properties of carbon-tungsten steels. (Р) 42, 641. 
Swinton, A. A. C. Bow works of the Charing Cross Electricity Company. 
(n) 88, 190. 
Depreciation. (р) 39, 285. 
Elected Member of Council. 31, 1361 ; 87, 414. 
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Swinton, A. A. C. (continued). Extra high-pressure transmission lines. (D) 
46, 601. 

German electrical industry. (p) 44, 308. 

Metal filament lamps. (р) 41, 667. 

Nernst lamp. (D) 32, 533. 

Problems of electric railways. (p) 81, 1049. 

Switchboard measuring instruments, direct-reading. К. Ерасомве and 

F. Punea. (r) 33, 620. 

Switch oils. W. P. Dresy and D. B. MELLIs. (P) 48, 165. 

Switchboards, telephone, divided multiple. W. AITKEN. (Р) 32, 795. 

Switches, motor-starting. A. H. ВАТЕ. (P) 32,1088. 

motor-starting. Е. С. Hunt. (Ref) 33,1218. 

Switchgear at Greenwich Power Station. F. WALKER. (Р) 38,635. 

control apparatus, C. C. GARRARD. (P) 41, 588. 

high-tension. L. ANDREWS. (P) 3A, 438. 

of the Summer Lane Station. J. E.Woopsripcse. (Ref) 39, 792. 

remote control. F. WALKER. (Р) 38, 635. 

Switchgears, high-tension, construction of British and foreign. H. W. 

CLOTHIER. (P) 34, 1247. 

Switching, sparking in. A. RussELL and C. C. Paterson. (P) 81, 1204. 

Symbols Committee, report of. 34, 172. 

SvMoNs, H. D. Chemical action in the windings of high-voltage machines. 
(р) 47, 555. 

Effect of heat on dielectrics. (p) 84, 710. 

Transatlantic engineering schools. (p) 38, 426. 

Synchronous converters. W. M. THoRNTON. (р) 82, 573. 

machines and their relative angular displacement. W. W. FRITH. 
(P) 46, 728. 

motors. Н. W. Тлугов. (Р) 38,1144. 
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TarrE, C. D. Electrical driving of textile factories. (р) 40, 170. 

Electricity supply in bulk. (р) 31,912. 

Inaugural address as Chairman of Manchester Local Section. 34, 135. 

Protective devices for high-tension transmission circuits. (D) 40, 537. 

Storage batteries. (D) 37,241. 

Thermal cut-outs. (p) 38, 418. 

Waste in incandescent lighting. (р) 937, 78. 

Tarre, C. D., and Downs, R. S. Comparison between steam and electri- 

cally driven auxiliary plant in central stations. (P) 32, 1050. 

TaLBoTr, E. Obituary notice. 88, 583. 

Tame and Rea (Birmingham) District Drainage Board electrical undertaking. 
L. F. Моохтғовр. (р) 47, 200. 

Tanpy, Е. Telephonic transmission measurements. (p) 39, 556. 

Tantalum lamp tests. H. F. HawonrH, T. Н. MatrHewman and D. Н. 
OGLEY. (Р) 38,350. 

TAPPER, J. E. Electricity supply as affected by metal filament lamps. (р) 
41, 373. 

TaPPER, W. С. P. Cost of electrical power. (р) 40, 351. 

Dust destructors. (р) 34,317. 

Motor load development. (р) 36, 266. 

Tariffs for electrical supply. See also under Power Stations (Costs, Tariffs, etc.). 
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Tariffs for electricity supply. A. WRraHT. (р) 81,444. 

influence on domestic electricity supply. W. R. Cooper. (р) 42, 26. 

TarLow, W. Domestic electricity supply. (р) 42, 78. . 

Economising wire in house-wiring. (Ref) 82, 1160. 

Effect of high-efficiency lamps on the electric lighting industry. (Ref) 
39, 792. 

Electrical system of the L.C.C. tramways. (D) 48, 350. 

Electricity supply as effected by metal filament lamps. (р) 41,380. 

Gas engines for electric power. (р) 43, 84. 

Irish water-power and its electrical development. (р) 81, 1146. 

——— Notes on harmonics in three-phase working. (Ref) 88, 1218. 

——— Point controllers for electric tramways. (р) 44, 488. 

——— Protective devices for high-tension transmission circuits. (p) 40, 543. 

Steam turbines. (p) 33, 889. 

Suction producer plant. (р) 38, 623. 

Three-phase working with reference to Dublin system. (p) 38,585. 

TavroR, А. M. Alternate-current diagrams. (р) 31, 643. 

Alternate-current instruments. (р) 41, 273. 

Alternators. (р) 33, 1123. 

Award of premium. 33, 1184. 

Battery economics and battery discharge arrangements. (P) 47, 393. 

Central station economics. (P) 39, 364. 

Cost of electrical power. (р) 40, 322. 

Domestic electricity supply. (D) 42, 49. 

Equitable charges for tramway supply. (р) 44, 647. 

Extending the limits of power transmission. (P) 48, 424. 

Gas engines for electric power. (p) 43, 62. 

— —— Heating of magnet coils. (р) 38, 415. 

Localisation of faults in low-tension networks. (p) 38, 1043. 

—— ——- Merz-Price protective gear for alternating-current circuits. (р) 
46, 712. 

Network tests and station earthing. (р) 32, 879. 

Non-salient pole turbo-alternator and its characteristics. (р) 47, 601. 

Standardisation of fuses. (p) 48, 645. 

———— Stand-by charges and motor-load development. (P) 38, 227. 

Steam-power plants. (р) 34, 382. 

Surface-contract systems. (р) 31, 881. 

TAYLOR, А. M. Teésting generators by air calorimetry. (р) 38, 60. 

Torque conditions іп alternate-current motors. (р) 40, 218. 

TAYLOR, C. E. Electric power in docks. (р) 41, 16. 

TAYLOR, H. W. Armature reactions in alternators. (P) 33, 1144. 

Award of premiums. 33, 1184 ; 37, 387. 

Non-salient pole turbo-alternator and its characteristics. (р) 47, 603. 

Single-phase railway working. (P) 87, 345. 

TAYLOR, J. Suction producer plant. (р) 38, 624. 

TAYLOR, J. E. Condensers. (p) 48, 631. 

Elected Member of Council. 41, S50. 

Humming telephone. (D) 81,395. 

Improvement of efficiency in radiotelegraphy. (p) 44, 394. 

Manufacture of electrical machinery. (р) 41, 570. 

Telephone relays. (р) 48, 602. 

Telephonic transmission measurements. (р) 39, 549. 
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TAYLOR, J. E. (continued). Wireless telegraphy in relation to interferences 
and perturbations. (Р) 47, 119. 

Тлүгов, J. E., and DuDDELL, W. Wireless telegraphy measurements. (р) 
38, 321. 

TAYLOB, W. G. Appointed Local Honorary Secretary for Straits Settlements. 
81, 1338. : 

TAYLOR, W.I. Obituary notice. 4T, 867. 

TAYLOR, W. T. Award of premium. 47, 826. 

Modern long-distance transmission of electrical energy. (р) 46, 510, 
47, 167. 

Teaching of electrical engineering in Germany. D. K. Morris. (P) 31,1200. 

TEkARE, E. M. Award of Salomons Scholarship. 47, 825. 

Technical considerations in electric railway engineering. F. W. CARTER. (P) 

86, 23. 
training of electrical artisans. С. P. C. CuwMINs. (P) 89, 484. 


TELEGRAPHY AND TELEPHONY (including RADIOTELEGRAPHY). 


Radiotelegraphy. 

Stationary electric waves. G. MorLov. (Ref) 88, 1218. 

Wireless telegraphy measurements. W. DUDDELL and J. E. TAYLOR. 
85, 321. 

Recent advances in wireless telegraphy. J. ERSKINE-MuRRay. 36, 384. 

Use of the bolometer as a detector of electric waves. С. TrssoT. 86, 468. 

Radiotelegraphic station at Cullercoats. A. S. M. SÖRENSEN. 48, 769. 

Quantitative measurements in connection with radiotelegraphy. J. A. 
FLEMING. 44, 344. 

Efficiency of short-spark methods of generating electrical oscillations. 
W. Н. EccLes and A. J. MaKowER. 4, 387. 

Wireless telegraphy in relation to interferences and perturbations. J. E. 
TavLoR. 47, 119. 

Telegraphy. 

Overhead construction (dip of copper wire). О. BURNE. 31, 420. 

Telegraphs and Telephones Committee’s report on the Institution visit to 
Germany in 1901. 31, 547. 

Automatic relay translation for long submarine cables. S. G. BROWN. 
31, 1060. | 

Railway telegraphs. A. T. Kinsey. (Ref) 81,1370. 

Vacuum tubes as lightning arresters. А. T. КічвЕҮ. (Ref) 82,1160. 

Telegraphs and Telephones Committee's report on the Institution visit to 
Italy in 1908. 33, 838. 

Setting type by telegraph. D. Murray. 34, 555. 

Design and use of telegraph conductors. Е. TREMAIN. 41, 718. 

Localisation of breaks in submarine cables. W. H. Youna. 45, 696. 

Practical aspects of printing telegraphy. D. Murray. 47, 450. 

Work of Lord Kelvin in telegraphy. (Second Kelvin Lecture.) J. A. 
Ewina. 44, 538. 

Telephony. 

A humming telephone. F. GILL. 31, 388. 

Telephones and Telegraphs Committee’s report on the Institution visit to 
Germany in 1901. 31, 547. 

Equipment of a modern telephone exchange. Е. А. S. WoRMULL. 81, 1234. 

A hydro-electric phenomenon. Е. бил, 32,220. 
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TELEGRAPHY AND TELEPHONY—Telephony (continued)— 
Divided multiple switchboards. W. AITKEN. 82, 795. 
Telephones and Telegraphs Committee’s TOPONI on the Institution visit to 
Italy in 1903. 33, 838. 
Corporation telephones. A. R. Biss (Ref) 33, 1218. 
Telephone traffic. Н. L. WEBB. 38, 290. 
Telephonic transmission measurements. В. S. Comen and G. M. SHEP- 
HERD. 39, 503. 
Design and use of telephone cables. Е. TREMAIN. 41, 713. 
Manipulation of dry-core telephone cables. Е. С. C. BaLpwin. 43, 638. 
Telephones. L. E. WiLsoN. 4, 409. 
A telephone relay. S. G. Brown. 46, 590. 
Submarine cables for long-distance telephone circuits. W. A.J. O'Meara. 
46, 309. 
Automatic telephone exchange systems. W. AITKEN. 47, 651. 
Design and construction of dry-core lead-covered telephone cables. H.C. 
May. 47, 788. 
Temperature compensation for ammeters. A. CAMPBELL. (P) 35, 197. 
curves and the rating of electrical machinery. R. GOLDSCHMIDT. (P) 


34, 660. 

experiments at the National Physical Laboratory. Е. Н. RAYNER. 
(P) 34, 618. 

of gases, use of potentiometer in measuring. W. A. Price. (Ref) 
32, 1161. 


rise of soft-iron stampings, influence of various cooling media on the. 
R. D. Girrorp. (Р) 44, 753. : 
Test-house, engine, equipment. R. К. Мовсом. (р) 33,964. 
Test, Kapp-Hopkinson, on a single direct-current machine. W. Lurors. (P) 
43, 150 

Testing alternators. J. D. CoALEs. (р) 42, 412. 

alternators. S. P. SwrrH. (р) 42, 190. 

cast-iron by the Ewing permeability bridge. A. CAMPBELL. (P) 36, 220. 

coal. J. HorripAv. (Ref) 37, 448. 

department of a power company. Е. FAwssETT. (P) 47, 752. 

electrical generators. R. К. Мовсом and D. K. Morris. (р) 41, 137. 

electrical generators. See also under Generators (Testing). 

electric generators by air calorimetry. R. THRELFALL. (Р) 38,28 

electric meters. Н. A. RATCLIFF and A. E. Moore. (р) 47,3. 

electrical machinery and materials. J. EPSTEIN. (P) 38, 28. 

magnetic. G. Е. С. SEARLE. (Р) 34, 55. 

magnetic, of iron. №. Н. Е. Мовросн. (р) 40, 137. 

magnetic, of iron with alternating current. A. CAMPBELL. (P) 43, 553. 

magnetic qualities of materials in bulk by a permeameter. C. V. 
DrysDaLe. (P) 31, 283. 

motor losses. W. E. SuMPNER. (Р) 34, 632. 

motors. T. CARTER. (Ref) 37, 444. 

motors. See also under Motors (Testing). 

motors by an eddy-current brake. D. К. Morris and С. A. Lister. 
(P) 35, 445. 

motors for intermittent working. R. PoHr. (р) 45, 216. 

rubber. A.ScuwaRnrz. (Р) 39, 31. 

rubber for electrical work. А. SCHWARTZ. (Р) 44, 693. 
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Testing tramway motors. M. В. FIgeLd. (р) 31, 1283. 

transformer iron. L. W. Wirp. (Р) 46, 217. 

transformers and transformer iron. D. K. Morris and G. A. 
LISTER. (P) 37, 264. 

Tests, electrical, for feed water. W. P. DrcBv. (P) 45, 541. 

network, and station earthing. A. M. Taytor. (р) 82, 872. 

———— of carbon, Nernst and tantalum incandescent lamps using alternating- 

current. Н. Е. Нлуовтн, T. Н. MaATTHEWMAN, and D. Н. OcrEv. 
(P) 88, 350. 

— of condensers. W. М. МоврЕҮ. (Р) 48, 618. 

оп the Nernst lamp. R. P. Hursr. (р) 81, 1180. 

Textile factories, electrical driving of. Н. W. WirsoN. (P) 40, 159. 

factories, electrical operation of. H. W. Witson. (P) 34, 757. 

mills, electric lighting and driving of. М. ОввовхЕ. (P) 31, 1273. 

mills, electric driving of. W. B. Моорносве. (Ref) 86, 587. 

Theory of current transformers. А. P. Youna. (P) 48, 670. 

of the dynamometer wattmeter. C. V. DRYSDALE. (P) 44, 255. 

——-— of the static balancer. С. C. HawkriNs. (P) 48,704. 

Thermal cut-outs, low-tension. A. ScHwaARTZ and W. Н. N. James. (Р) 
38, 364. 

Тном, W. Insulation of conductors in India. (p) 81, 388. 

THOMAS, E. Electric heating as applied to cooking apparatus. (p) 47,271. 

Flywheel load equalisers. (p) 43, 194. 

High-tension switchgear. (p) 34, 461. 

Management of engineering workshops. (P) 44, 741. 

THOMAS, J. H. Parallel operation of alternators. (p) 42, 569. 

Tuomas, J. W. Methods and practice in the German electrical industry. 
(n) 44, 830. 

Tompson, E. Obituary notice. 88, 1215. 

THompson, S. P. Commutation phenomena in direct-current machines. (D) 

45, 530. 

Comparison of 1-, 2-, and 3-phase systems. (p) 81, 162. 

Continuous-current dynamos. (р) 81, 281. 

Design of turbo field magnets. (р) 45, 334. 

Dielectric strength of compressed air. (p) 48, 188. 

Electric railways. (р) 31, 1028. 

Electrical design. (р) 32, 443. 

— —— “G.B.” surface contact system. (р) 42, 496. 

High-speed electric railways. (р) 83, 924. 

High-speed electrical machinery. (р) 41, 306. 

—— —- High-speed railway-car of the A.E.G. (р) 31, 69. 

——— Incandescent lamps. (р) 88, 232, 288. 

Life and work of Lord Kelvin. (Kelvin lecture, 1908.) 40, 401. 

Magnetic dispersion in induction motors. (p) 33, 200, 289. 

Magnetic flux distribution in toothed-core armature. (р) 34, 37. 

Magnetic properties of iron and its alloys in intense fields. (р) 

46, 285. 

Manufacture of electrical machinery. (р) 41,572. 

Methods and practice in the German electrical industry. (p) 44, 303. 

Modern theory of electrical conductivity of metals. (р) 38, 466. 

Output of dynamo-electric machinery. (р) 42, 274. 

Parallel operation of alternators. (D) 42, 562. 
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Тномрвон, S. P. (continued). Production of nitric acid by electric discharge. 
(р) 42, 338. 

Rated speed of motors. (p) 83, 482. 

Short-circuiting of large electric generators. (p) 45, 333. 

— —— Speaking at Annual Dinner, 1908. 42, 227. 

Speaking at Annual Dinner, 1909. 44, 276. 

—— —- Speech at the Gilbert Tercentenary commemoration. 33, 69. 

— ——- Standard performances of electrical machinery. (р) 40, 481. 

Submarine cables for long-distance telephone circuits. (p) 46, 364. 

—— —— Turbo-generators. (р) 40, 257. 

Temperature of field coils. (р) 34, 694. 

Units and standards. (р) 35, 27. 

THoMsoN, E. Elected honorary member, 1904. 38, 546. 

THoMsoN, Sir J. J. Elected Honorary Member, 1907. 39, 2. 

Modern theory of electrical conductivity of metals. (P) 38, 455. 

Speaking at Annual Dinner, 1908. 42, 296. 

THomson, W. C. Steam-power plants. (р) 34, 378. 

Тновмтом, W. M. Automatic cab-signallingonlocomotives. (р) 4,96. 

Award of premiums. 32, 1121; 89, 750. 

—— Boosters. (р) 36,609. 

—— Distribution of flux in large electromagnets. (Ref) 31, 1371. 

Earthed versus insulated neutrals in colliery installations. (р) 
4B, 584. | 

Electrical safety system for use in mines. (p) 44, 672. 

Experiments on eddy currents. (P) 33, 588. 

Inaugural address as Chairman of the Newcastle Local Section. 
36, 182. 

Laying and maintenance of transmission cables. (p) 47, 358. 

Losses in pole-shoes. (р) 40, 595. 

— Magnetic induction and hysteresis loss in armatures. (р) 837, 125. 

—— Relative angular displacement in synchronous machines. (р) 46,737. 

——— Resonance in electric circuits. (р) 382,771. 

———— Some effects in three-phase working. (P) 38, 151. 

——— Synchronous converters. (P) 32, 573. 

Telegraph and telephone cables. (p) 44, 736. 

——— Use of the flicker photometer for differently coloured lights. (р) 

44, 180. 

THoRROwaooD, W. J. Telephonic transmission measurements. (р) 39, 557. 

Track circuit. (р) 38, 117, 121. 

Three-phase alternating currents. J. S. BARNES. (Ref) 39, 798. 

electric power transmission at the Cape explosive works.  R. S. 
MANSEL. (Р) 38, 599. 

generators, periodic variations in magnetic field of. G. W. WORRALL 
and T. F. WALL. (P) 37, 148. 

high-voltage electric railways. M. T. PrcksTONE. (Ref) 82, 1161. 

machines, periodic variation of current in. (P) 35, 156. 

systems, dissymmetry of. A.B. FIeLD. (р) 38, 207. 

railway car of the A.E.G. О. LascHE. (P) 81,24. 

two-phase, and single-phase systems, comparison of, for feeding low- 
tension networks. М. В. FIELD. (P) 31, 188. 

working. W. M. THonNTON. (р) 35,151. 

working, harmonics in. W. TaTLOw. (Ref) 38, 1218. 
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Three-phase working, with special reference to the Dublin system. 
W. Brew. (Р) 38, 570. 

Three-wire system, measurement of insulation resistance of. G. Kapp and 
J.D. Coates. (р) 42, 694. 

system, working results of, on City and South London Railway. 
P. V. McMaHoN. (P) 33, 100. 

systems, balancers for. A. С. CooPER. (P) 48, 116. 

THRELFALL, R. Award of premium. 33, 1183. 

Commutation in a four-pole motor. (р) 38, 443. 

Electrolytic meters. (p) 86, 403. 

Gas engines for electric power. (р) 43, 59. 
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